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Abstract
This thesis investigated the barriers faced by teachers which prevent them from
using technology in the classroom. To this end teachers at 26 public secondary
schools in New South Wales, Australia, were surveyed. These secondary
schools were located in all areas of New South Wales. One hundred and
fourteen secondary mathematics teachers of the New South Wales Department
of Education and Training responded to the survey regarding their use or non
use of technology in teaching.
A ‘mixed-method’ methodology was used which combined both qualitative and
quantitative methods. The quantitative method used was statistical modelling. In
particular, logistic and linear regressions were used that combined simple
modeling with mediational analyses. This analysis was supplemented with
results from two further studies using interview techniques. The quantitative
analysis revealed two statistically significant predictors of computer use. The
probability of using computers in the classroom was maximised when teachers
had training in Excel and strongly disagreed with the statement that the lack of
lesson plans using computers in mathematics were a barrier to computer use.
Mediators were analysed to discover if they impacted on computer use.
Four major issues were investigated in the quantitative study: barriers to
technology use, the beliefs mathematics teachers hold regarding the use of
technology in mathematics teaching, the professional development in computer
technology undergone by the teachers and the need for ongoing support using
technology in teaching mathematics. It was found that the methodology used to
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investigate the barriers faced by mathematics teachers was important. Barriers
ranked highly by teachers were found to not necessarily predict their computer
use. However, logistic regression analysis of ten items found that their attitudes
toward the “lack of lesson plans using computers in mathematics” to be
statistically significant ( 2=6.43, df=1, p=0.020) in predicting computer use.
Logistic regression analysis was also used to examine teachers’ beliefs
regarding the nature of mathematics and the nature of mathematics teaching
and learning both with or without computer use. Four of the sixteen beliefs
analysed were found to be statistically significant ( 2=31.60, df=4, p<0.0005)
predictors of computer use. These beliefs were: mathematics is made up of
individual components that incorporate the study and application of number,
algebra, geometry, calculus, collection of data and graphs (p=0.009);
mathematics is a way of life and a way of thinking (p=0.032) when teachers use
computers in the classroom, they are able to spend more time on concepts
rather than routine computational skills (p=0.002); and the use of computer
technology provides access to huge amount of mathematics resources
(p=0.027).
An examination of professional development received by mathematics teachers
showed that training on Excel predicted computer use (p<0.0005). The need for
teachers to have ongoing support for integrating technology into teaching
mathematics, and how this need related to their decision to either use or not to
use computers in the classroom, was examined. It was found to be a significant
predictor of computer use in the classroom ( 2=3.91, df=2, p=0.042).
The second and third studies were undertaken as a means of triangulating the
research by deepening the exploration of why and how teachers teach with or
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without the use of technology. An ‘interview research technique’ was employed.
The interviewees consisted of prospective teachers, new teachers, retired
teachers and current teachers in the workforce. These studies revealed that
both experienced and inexperienced teachers used technology in their teaching
only when it was appropriate.
The main conclusion drawn from this thesis is that the modelling of computer
use in the classroom gives different results to the common methodology of
simply listing barriers. The final model for predicting computer use identified
three significant factors: ongoing support, had training on Excel and teachers’
beliefs regarding the lack of lesson plans using computers in mathematics
( 2=27.71, df=3, p<0.0005)). One interpretation of these results is that teachers
who are likely to have the 'intent' to use computers in the classroom are those
teachers who ‘Had training in the use of Excel’. Another interpretation is that
teachers who used computers disagree that the lack of lesson plans is a barrier
to computer use. Training on Excel, which was significant in both approaches, is
an indication of ‘behavioural intention’. Teachers who undertook training in the
most commonly used software tool in mathematics appear to be ‘intent’ on
using the tool in the mathematics classroom.
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Glossary
assessment: Queensland mathematics curriculum defines assessment as a
purposeful, systematic and ongoing collection of evidence for use in making
judgments about students’ demonstration of learning outcomes (Queensland
Studies Authority, 2007).
attitude: attitude has been described as “an idea charged with emotion which
predisposes a class of actions to a particular class of social situations”
(Triandis, 1971, p. 2).
axiology: refers to the role of values in the inquiry: Positivists believe that the
inquiry is value-free (Guba and Lincoln, 1985).
barrier: a barrier is defined as an obstacle or circumstance that keeps people
or things apart, or prevents communication (Moore, 2006, p. 109).
behavioural beliefs: behavioural beliefs are assumed to determine people’s
attitude towards personally performing the behaviour, that is, their positive or
negative evaluation of their performing the behaviour in question (Fishbein and
Azjen, 2010).
belief: belief is defined as a product of direct experience, with beliefs and
values potentially influential factors that shape a person’s notion about the
world around them (Bem, 1970).
Chi-square test: Chi-square test is a test of statistical significance which is
typically used to establish how confident that the findings of a study can be
generalized from a probability sample of population. It is usually denoted by the
symbol ( 2) .
cluster sampling: in cluster sampling, the population is divided into clusters
(subgroups), but rather than sampling within each cluster, we select a random
sample of clusters and include only members of these selected clusters in the
sample: after clusters are selected, it maybe that all members of the cluster are
included in the sample, or that some units are then randomly sampled from
each of the selected clusters (Bryman, 2008).
cognitive learning: cognitive learning means knowledge learning, that is
understanding the way the mind works and, in particular, understanding the
nature of thinking and learning processes (Schoenfeld, 1987).
control beliefs: people also form beliefs about personal and environmental
factors that can help or impede their attempts to carry out a behaviour. These
are called control beliefs (Fishbein and Azjen, 2010).
constructivism: A view of constructivism is: ‘Individuals make sense of their
world and everything with which they come in contact by constructing their own
representations or models of their experiences. Knowledge construction is a
natural process. Constructivists believed that knowledge cannot be simply
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transmitted by the teacher to the student’ (Jonassen et al., 1999, p. 5).
content-validity: content validity concerns the extent to which the items are
sensible and reflect the intended domain of interest; relates to the adequacy of
the content of an instrument in terms of the number and scope of the individual
questions that it contains (Fayers & Machin, 2007; Mertens, 2005 and
Krippendorff, 2004).
curriculum: curriculum can be defined as a body of knowledge-content and/or
subjects (Smith, 1996; 2000).
epistemology: epistemology is a theory of knowledge (Bryman, 2008, p. 693).
face-validity: face validity is ‘obvious’ or ‘common truth.” We appeal to face
validity when we accept research findings because they ‘make sense’, that is,
they are plausible and believable on their face usually without having to give or
expecting to hear detailed reasons (Krippendorff, 2004).
information processing theory: information processing theory refers to
intelligent behaviour as a series of computations or processes such as problem
solving (Newell and Simon, 1972).
Likert Scale: a Likert Scale is essentially a multiple indicator or multiple item
measure of a set of attitudes relating to a particular area (Bryman, 2008,
p.146).
mathematics curriculum: mathematics curriculum can be defined as an
operational plan for instruction that details what mathematics students need to
know, how students are to achieve curriculum goals, what students are to do to
develop their mathematical knowledge, and the context in which learning and
teaching occurs (National Council of Teachers of Mathematics (NCTM), 1997,
p. 1).
methodology: methodology is the description, the explanation, and the
justification of methods, and not the methods themselves. They are techniques
used in a given science, or a particular context of inquiry in that science
(Kaplan, 1964).
mixed-method approach: a mixed-method research or approach is defined as
the integration of quantitative and qualitative research within a single project
(Bryman 2008, p. 603).
normative beliefs: normative beliefs occur when people form beliefs that
important individuals or groups in their lives would approve or disapprove.
These are called normative beliefs (Fishbein and Azjen, 2010).
ontology: refers to the nature of reality. Positivists believe that there is a single
reality (Guba and Lincoln, 1985).
positivism: refers to (constructivism, intrepretavism, naturalism, qualitative)
(Refer to: Teddlie and Tashakkori, 1998; Mertens, 2005; Bryman, 2008).
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postpositivism: sometimes called the ‘scientific method’ or doing ‘science
research’. It is also known as the quantitative way of expressing results of a
study. See Creswell (2003).
pragmatism: pragmatism is a paradigm that is concerned with mixing
qualitative and quantitative approaches (Merten, 2005).
professional development: professional development is considered as the
processes and activities that are designed to enhance the professional
knowledge, skills and attitudes of educators so that they might, in turn, improve
the learning of students (Guskey, 2000).
qualitative method: qualitative method is defined as a multi method focus,
involving interpretive, naturalistic approach to its subject matter. It involves the
studied use and collection of a variety of empirical materials like case study,
personal experience, introspective, life story, interviews, observational,
historical, interactional, and visual texts that describe routine and problematic
moments and meanings in individual’s lives (Denzin and Lincoln, 1998, p.3).
quantitative method: quantitative method is an approach to research in which
the investigator primarily uses post-positivist claims for developing knowledge
(i.e., cause and effect thinking, reduction of specific variables, hypothesis and
questions, use of measurement and observation, and the test of theories),
employs strategies of inquiry such as experiments and surveys, and collects
data from predetermined instruments that yield statistical data (Creswell, 2003,
p. 18).
research: research is best conceived as the process of arriving at dependable
solutions to problems through the planned and systematic collection, analysis,
and interpretation of data. It is the most important tool for the advancing of
knowledge, for promoting progress, and for enabling man to relate more
effectively to his environment, to accomplish his purposes, and to resolve his
conflicts (Cohen and Manion, 1985, p. 50).
strands: strands are used as organizers of mathematical outcomes and
contents to guide teachers in how to prepare lessons and assess students.
sample: sample is the segment of population that is selected for research. The
method of sampling maybe based on probability sampling or non-probability
sampling (Bryman, 2008, p. 698).
survey: a survey is a method of data collection using questionnaires or
interviews to collect data from samples that had been selected to represent a
population to which the findings of the data can be generalized (Fontana and
Frey, 2000).
syllabus: syllabus is an outline or summary of a course of studies and lectures
(The Macquarie Dictionary, Australia, 1989, p. 410).
triangulation: triangulation is a mode of improving the probability that findings
and interpretations are credible (Lincoln and Guba, 1985, p. 305).
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validity: validity refers to the issue of whether an indicator (or set of indicators)
that is devised to a concept that really measure that concept, and two
examples are face validity and content validity (Bryman, 2008).
zone of proximal development: Vygotsky’s (1934) theory of ‘zone of proximal
development’ supports the basic assumption underlying
schooling that
students will learn when placed in groups or other educational settings devised
by expert teachers. Phillips and Soltis (2004) refer to ‘zone of proximal
development’ as a type of social learning because of the ability of the child to
learn by imitation.
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Chapter 1
Introduction
Technology will change ‘what’ we teach as much as ‘how’
we teach it (Brandt, 1988, p. 54).
1.1

Overview

There are several reasons why it is desirable for students to learn to use
technology. In today’s world students are expected to learn about and use
information and communication technology (ICT) to prepare them for their future
in the work force and to face the challenges of everyday life. Studies have
shown that the use of computer technologies enhance the learning of students
(Roblyer, 2006), improves students’ logical and analytical skills (Pappert, 1980;
Goos and Geiger, 1995; Hiebert et al, 2003; Cavanagh, 2006); and helps them
to develop higher order thinking and problem solving skills (Bailey, 1993;
Boultoun-Lewis and English, 1998; Jonassen et al, 1999). Computer
technologies also provide students access to online learning lessons and
facilities (Lee, 2000; Mamary and Charles, 2000). The integration of ICT is seen
as a priority by governments and schools both in Australia and overseas but
despite the resultant provision of infrastructure and professional development,
little appears to be happening in secondary school classrooms (Ward, 2003).
Mathematics education in public secondary schools in New South Wales
(Australia) has been experiencing a wave of reforms directed toward the
integration of technology in mathematics courses that date back to the mid
1990’s. In 1996 policy introduced by the New South Wales Government
mandated the use of computers in schools in all government and nongovernment schools. The policy detailed a comprehensive four-year strategy for
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improving the learning outcomes of all students in all key learning areas in K-12
using computer-based technologies. Specific aims included the connection of all
schools to the Internet, the training and development of teachers in the use of
computers in all key learning areas, the provision of additional computers to
schools, the provision of additional support in technology for teachers, students,
and schools, and the development of curriculum support materials to enhance
teaching and learning in all key learning areas (Policy Document, Connecting all
NSW Government Schools to the Internet, 1996, p. 3).
Following this in 1997 the New South Wales Department of Education
implemented a Technology in Learning and Teaching (TILT) basic training
program. This program provided training to: improve keyboard skills; use a word
processor to produce a simple document including saving, retrieving and
printing; to use a digital camera; purchase and use software in school; use
multimedia software; prepare journals and newsletters using a computer; use
Internet email and computer databases. In the same year (1997), the policy
document Computer-Based Technologies in the Mathematics Key Learning
Area of the New South Wales Department of Education and Training (1997)
was implemented. This policy document mandated the following initiatives:
1.

Effective integration of technology in teaching mathematics;

2.

The provision of valuable computer tools for enhancing teaching and
learning;

3.

Expansion of the range of opportunities for students to learn with more
effective teaching and learning strategies;

4.

The provision of access to learning for students with special needs,
whether physical, social, cognitive or emotional, and for those students
who are geographically or socially isolated (pp. 1-27).
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This policy document provided teachers with practical curriculum support for the
effective integration of technology into teaching mathematics, such as providing
examples of classroom activities. These activities included lessons to cater for
student learning, improving student skills and attitudes. Teachers were also
provided specific syllabus outcomes and curriculum content aligned with
student learning. They were guided to select appropriate software to achieve
learning outcomes. It was required that teachers become familiar with the use of
software packages as these, when used with effective teaching strategies, can
expand the range of opportunities for student learning from K-12. These
opportunities

could

include:

enhancing

learning,

developing

student

understanding of mathematics concepts through visualisation and critical
thinking, access to learning for isolated students through video links and elearning facilities. The policy document ‘Computer-Based Technologies in the
Mathematics Key Learning Area’ in 1997 stated that there would be provision of
computer tools for enhancing teaching and learning. The term computer tools in
this policy, and in this thesis, refers to computer hardware and software and any
Internet resources that are available for teaching purposes.
In 1999, a second phase of training called TILT PLUS was introduced to
teachers, in which they were trained in the advanced use of computers.
Advanced training consisted of training teachers with specialist computer skills.
The training initiative was not specific to mathematics teachers but catered for
all infants, primary and secondary teachers in public schools in New South
Wales. In 2002 changes in the mathematics curriculum in

the Year 7-10

Syllabus at Stages 4 and 5 called for the use of technology where appropriate
(Board of Studies, NSW, 2002). ‘Appropriate’ means that not all topics in
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mathematics K-12 require the use of technology, this is particularly the case in
the early years of schooling (K-6) where the use of mental computation and
concrete objects are important for the development of learning basic skills. For
example in the K-6 ‘number’ strand students learn how to add, subtract, multiply
and divide whole numbers and fractions without the aid of computers or
calculators. The use of computers or technology is appropriate for topics such
as ‘data’ where the use of spreadsheets and/or statistics packages can
enhance thinking skills.
From this researcher’s experience, the professional development initiatives in
computer technology and mandated changes in the mathematics curriculum
incorporating computer technology use made little impact upon teachers’ use of
technology in mathematics teaching. This observation inspired the researcher to
explore the factors preventing teachers from using computer technology in
mathematics teaching. The focus of this doctoral thesis is therefore to examine
whether or not there are barriers or inhibiting factors preventing the embedding
of computer use in mathematics teaching and at the same time to investigate
whether there are facilitating factors that could lead to enhanced computer use
in mathematics teaching. In addition to suggestions that there are barriers to
computer use, the literature also suggests that the beliefs (Perry et al, 1999,
2000; Kynigos and Argyris, 2004) and knowledge (or professional development
experience) of mathematics teachers in using computer technology (Roblyer,
2006) may have an impact on whether teachers use computers in the
classroom.
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1.2

The problem

Since 1997 the integration of computer technology into high school
mathematics in Australia has been increasingly embraced to either complement
or supplement teaching and learning. D’Souza, Sabita and Wood (2003)
pointed out that computer technology is not widely used in Australian secondary
mathematics classrooms. In New South Wales, there is evidence that the 1997
mandated policy Computer-Based Technologies in the Mathematics Key
Learning Area has not been fully adopted or implemented (Clark, 2006; Lyons,
2007; Vincent and Jones, 2008; Yanik and Porter, 2009). In Australia studies
have attributed the lack of acceptance or adoption of technology to a lack of
training for teachers in the integration of technology into lesson planning of
mathematics classes (Forgasz, 2006), a lack of support from head teachers and
school executives (Hudson, 2009), a lack of professional development in
technological and skill development (Pierce and Ball, 2009), and a lack of
confidence, competence and access to computers (Bingimlas, 2009).
Elsewhere in the world the poor adoption of technology into the classroom has
been attributed to various factors including: a lack of time for teachers to
undergo training (Leggett and Persichitte, 1998), in the USA; teachers’ lacking
knowledge of computers (Manouchehri, 1999), in the USA; teachers’ lack of
technical and theoretical knowledge (Lee, 2000), in Taiwan; teachers not having
enough knowledge to use computer software such as spreadsheets and
geometry software (Rogers, 2000), in the USA; teachers lack of training for
computer use (Ward, 2003), in New Zealand; a lack of access to
computer/computer labs (BECTA, 2004), in the UK; a lack of resources such as
books that incorporate mathematics lessons using technology, and head
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teachers who are not trained in computer technology (Keong et al, 2005), in
Malaysia; and the belief that computers will replace teachers in teaching (Li,
2007), in Canada.
A study on ICT integration in schools at a national level reports that the question
of ‘ICT pedagogy’ remains largely unaddressed in Australian schools (Baskin
and Williams, 2006). These authors also reported that schools participating in
their study have an ICT development planning process, for many of these
schools it is a box ticking exercise to comply with education departments’
policies rather than actually implementing the use of ICT in schools.
One of the pedagogical issues identified by Bingimlas (2009) in Australia is that
many teachers are unable to prepare lessons integrating computer technology.
Bingimlas (2009) also reports that some schools do not have technology plans
and that this contributes to poor administrative support.
1.3

Objectives and purpose

The initial aim of this thesis is to discover the extent to which mathematics
teachers in government high schools in New South Wales (Australia) have
integrated computer technology into their teaching. The second aim is to identify
what factors facilitate or inhibit teachers’ use of technology in the classroom.
The initial question which guided this inquiry was: What are the factors that are
associated with mathematics teachers adopting and effectively integrating
computer technology in the classroom? More specifically,
1.

What are the barriers faced by mathematics teachers in using technology
in the classroom?

2.

Are individual teacher’s beliefs as to the nature of mathematics,
mathematics teaching and learning, and mathematics teaching and
learning using technology related to the computer use?
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3.

What professional development (knowledge) mathematics teachers have
previously experienced, and how are these experiences related to
teachers’ use of computers in the classroom?

4.

Do teachers need on-going support for technology in teaching
mathematics, and how is this need related to their decision on use or non
use of computers in the classroom?

5.

What are the factors that contributed to the use and non use of computers
in the classroom?

Given the benefits of using computers in the classroom questions arise as to
why teachers, in the face of being required to do so, fail to integrate technology
into the classroom: mathematics teachers in New South Wales are meant to
adhere to curriculum documents and guidelines. One widespread approach in
the literature to address these questions is to focus on identifying ‘barriers’ to
computer use.
1.4

Barriers to computer use

A barrier is defined as an obstacle or circumstance that keeps people or things
apart, or prevents communication (Moore, 2006, p. 109). The phrase ‘barriers to
computer use’, as used in this thesis, means that there are factors preventing
mathematics teachers from fully adopting the use of computer software and
hardware in teaching. The perceived barriers to ICT use, that is to say the
inhibiting factors to teacher’s use of computer technology, are explored in this
thesis, along with potential contributing factors.
Barriers to computer use have been investigated in a variety of disciplines. For
example:
Douglas et al (2011) investigated the ability of visually impaired
people to use computers. Barriers were found to be linked to cost,
lack of training and the availability of computers.
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Kontoz et al (2007) investigated the barriers faced by professionals
working in the health sector such as nurses, doctors and
administrative officers. These barriers were lack of technical skills
and inexperience in computer use.
Janes et al (2005) investigated barriers in the medical/health
professions. These barriers include: lack of access to computers,
poor availability of broadband (fast) Internet access, lack of IT
skills/knowledge, lack of time, concerns about IT cost and database
security difficulty, difficulty finding quality information, no energy or
motivation to learn new skills, competing priorities (such as family)
and social interaction.
Engenfelt-Nielsen (2003a & b) investigated the barriers to using
educational computer games in secondary schools. The barriers to
gaming are the lack of computers in schools, the lack of teachers’
deep knowledge in teaching computer games, skills and teaching
strategies using the games.
Although the studies mentioned above are from different areas, the common
barriers to computer use are lack of access to computers, lack of training and
lack of knowledge of technical skills.
Teachers who are committed to integrating computer technology into the
classroom may find the process challenging due to the barriers that exist
(Keengwe et al, 2008). A number of barriers to using computers in teaching and
learning have been identified. These barriers are combination of mathematics
teaching and education in general. They are:
1.

Lack of access to computers/computer laboratories (Sandholtz et al, 1997;
Berge and Mrozowski, 1999; Rogers, 2000; Lee, 2000; Ward, 2003;
BECTA, 2004; Keong et al, 2005; Forgasz, 2006);
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2.

Lack of professional development. This includes training teachers in
technology skills (Rogers, 2000; Ward, 2003; BECTA, 2004; Wood et al,
2005) and professionally developing them in the use of software packages
(Rogers, 2000; Wood et al, 2007);

3.

Lack of time. Lack of time can include time to undergo technology training
(Leggett and Persichitte, 1998; BECTA, 2004), time to learn technology
(Sandholtz et al, 1997; Rogers, 2000), time to learn how to teach the
syllabus with technology (Forgasz, 2006), time to prepare lesson plans
using technology (Forgasz, 2006), time to acquire basic skills in computing
(BECTA, 2004) and scheduled time in the computer laboratories to
complete students’ projects involving ICT (Keong et al, 2005);

4.

Lack of knowledge of pedagogy, in the use of computer hardware,
software, and the Internet (Mamary et al, 2000; Rogers, 2000). This lack of
knowledge may be: technical (for example, trouble-shooting when printers
or computers do not work); theoretical knowledge (for example, knowledge
of terminologies used in word processing or spreadsheets) (Lee, 2000;
Han, 2008); or a lack of pedagogical knowledge, for example, on how to
integrate ICT into teaching to enhance the curriculum (Keong et al, 2005);

5.

Lack of support. This include technical support (Sandholtz et al, 1997;
Leggett and Persichitte, 1998; Berge and Mrozowski, 1999; Rogers, 2000;
BECTA, 2004) and both institutional and administrative support (Rogers,
2000);

6.

Lack of knowledge preparing lesson plans using technology (Rogers,
2000; Ward, 2003; BECTA, 2004; Wood, et al, 2005).

In addition to the barriers that are commonly identified in the literature review,
there are additional barriers that need to be investigated such as the resistance
of teachers to embrace the use of software technology.
1.

Resistance from teachers. A significant number of teachers may be
reluctant to use computers in their teaching (Turkle, 1997; Sulla, 1998;
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BECTA, 2004) or to use mathematics software in their teaching Berry et al
(2008).
2.

Lack of funding to cover the cost of computers and software (Poole, 1997;
Rogers, 2000; Lee, 2000; Han, 2008; Pierce and Ball, 2009).

The rationale and evidence for each factor identified as a barrier follows.
1.4.1 Lack of access to computers/computer laboratories
The issue of teachers’ access to computers has been a problem for the past
two decades. This is a straight forward barrier. If there is no or little technology,
then it is difficult to use it in the classroom. There are many examples of this in
the literature. For example, Sandholtz et al (1997, p. 145) found that many
teachers who participated in a professional development program many
complained that an insufficient quantity of software and hardware in that
schools impeded their progress in integrating technology into their teaching.
The lack of access to computers in the classroom has emerged as an issue in
studies spanning many years. A comprehensive review of the literature on
barriers to computer use by British Educational Communications and
Technology Agency (BECTA, 2004, p. 11) found that lack of access to
computer resources was a barrier to computer use. More recently ‘lack of
access to resources’ emerged as the top barrier to the integration of ICT into
teaching and learning in Australia (Bingimlas, 2009).
1.4.2 Lack of professional development
In the 1990s, Australian professional development programs for teachers were
predominantly about the provision of learning opportunities for teachers. An
example of this interpretation is in the works of Fullan (1990) who defines
professional development as the creation of formal and informal opportunities
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for teacher training. Guskey (2000) defined professional development as
processes and activities that are designed to enhance the professional
knowledge, skills and attitudes of educators so that they might, in turn, improve
the learning of students. Perceptions of professional development in education
have drastically changed and have assumed great importance in all sectors of
education (Trorey and Cullingford, 2002). Loughran and Wallace (2003) defined
staff

development

as

improving

skills,

attitudes,

understandings

and

performance in the present and future roles of teachers. Guskey (2000) and
Loughran and Wallace (2003) share a common approach, defining professional
development as the improvement of teachers’ skills and attitudes. Nisbet (2005)
states that professional development for mathematics teachers is an ongoing
issue both in Australia and overseas.
In the majority of the literature reviewed in this study, the need for professionally
developing teachers in the use of technology was identified. Professional
development can include enhancing technology skills of teachers (Rogers,
2000; Ward, 2003; Al-Ammari, 2004; BECTA, 2004; Wood, et al, 2005) and
training in use of software packages (Rogers, 2000; Wood et al, 2005).
Professional development, or teacher training, is important, in particular with
regard to using software packages in mathematics. Keong et al (2005) found
that the second major barrier to computer use in mathematics teaching is that
‘there is not enough teacher training opportunities for ICT projects in
mathematics’. This was ranked second to the lack of access to computers
(Keong et al, 2005).
The lack of teacher competence associated with a lack of quality teacher
training is seen as a barrier to teacher’s use of technology (BECTA, 2004).
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Consequently, the need for professional development and adequate teacher
training is inevitable to address the barrier ‘lack of knowledge’.
1.4.3 Lack of time
Bingimlas (2009) indicated that although many teachers can use technology,
they make little use of it in their teaching because they do not have enough
time. ‘Lack of time’ is a problem that exists for teachers in many aspects of their
work. There is too little time available for them to complete tasks, such as the
integration of computer technology in the classroom (BECTA, 2004, p.15).
Keengwe et al (2008) indicated that ‘lack of time’ as a barrier to computer use
pertains to the lack of time to learn how to use hardware and software, time to
prepare lesson plans, time to collaborate with colleagues who have computer
skills and expertise, and time to develop and incorporate technology in
teaching. A lack of time to learn technology, such as hands-on using of software
packages (Sandholtz et al, 1997) can present a barrier to computers use
(Rogers, 2000). Forgasz (2006) also identified one of the barriers to computer
use as the ‘time to cover the syllabus and prepare lesson plans’. Time is also
related to professional development as teachers need time to undergo
technology training (Legget and Persichitte, 1998; BECTA, 2004).
In summary, time is a major barrier to computer use.
1.4.4 Lack of pedagogical knowledge
Many teachers do not consider themselves to be competent and skilled in using
technology. This can be attributed to a lack of pedagogical knowledge.
Manouchehri (1999) identified that the reason for secondary mathematics
teachers failing to integrate technology into mathematics teaching is the ‘lack of
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adequate knowledge’ about when and how computers can be used in
mathematics teaching. In another context, the lack of knowledge may mean that
teachers do not know how to use computer hardware, computer software and/or
the Internet (Mamary et al, 2000; Rogers, 2000). A lack of knowledge about
computer use may also refer to ‘technical and theoretical’ knowledge (Lee,
2000; Han, 2008). Keong et al (2005) found that ‘lack of knowledge about ways
to integrate ICT to enhance mathematics curriculum’ is one of the major barriers
to using computers in secondary mathematics teaching in Malaysian schools.
‘Lack of knowledge’ may also mean a lack of ‘familiarity with computer use’
(Wood et al, 2005). BECTA’s (2004) findings indicated that teachers’
competence is directly related to their confidence levels in using technology in
the classroom. This suggests that teachers need their adequate and
appropriate training in technology use, for example in learning how mathematics
software such as Computer Algebra Systems (CAS) can assist in problem
solving activities (Berry et al, 2008).
1.4.5 Lack of support (technical and institutional)
Teachers may require two types of support when trying to integrate technology
into the classroom. These are technical support (Sandholtz et al, 1997; Legget
and Persichitte, 1998; Berge and Mrozowski, 1999; Rogers, 2000; BECTA,
2004) and institutional or administrative support (Rogers, 2000; Al-Senaidi,
2009). Many studies have identified ‘lack of adequate technical support’ as one
of the major barriers to teachers incorporating technology into teaching and
learning. For example, Rogers (2000) ranked ‘lack of technical and institutional
support’ from school administration as the second most important barrier
preventing elementary and secondary teachers from using computer. Rogers
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further indicated that limited training can cause problems when teachers are
required to fix malfunctioning computers. The BECTA study conducted in the
UK in 2003 included 170 teachers and other practitioners addressed the
perceived barriers to the ICT use. The results of their survey identified seven
barriers to computer use such as lack of confidence (n = 48, 21.2%), lack of
access to resources (n = 47, 20.8%), lack of time (n = 37, 16.4%), lack of
effective teaching (n = 34, 15%), technical problems (n = 30, 13.3%), lack of
personal access (n = 11, 4.9%) and age (n = 4, 1.8%) [Becta, 2004, p. 28].

According to BECTA (2004), many of their respondents agreed that technical
support is needed in schools. Typical comments included ‘we need an on-site
ICT manager to support teachers in lessons’ and ‘technical backup or expertise
is needed when things go wrong’ (p.16). BECTA has similarity to the present
study in one of the items of barriers to computer use, the ‘lack of lesson plans
using computers in mathematics’. The teachers in the BECTA studies were
teachers from many disciplines, while in the present study the respondents
were mathematics teachers.
Two Australian studies in secondary schools, Forgasz (2006) in mathematics
and Bingimlas (2009) in science, also identified that one of the major
hindrances to technology use in the classroom as the ‘lack of technical support’
when computers breakdown. Teachers are not technicians, therefore teachers
need to be provided support that provides the technical skills that they lack.
1.4.6 Lack of knowledge preparing lesson plans using technology
Several authors have reported that barriers to computer use in the classroom
can be attributed to lack of access, lack of training, lack of confidence and lack
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of computer skills. Three studies identified the time to prepare lessons
integrating technology into teaching, or ‘lesson planning’, as one of the barriers
to computer use (BECTA, 2004; Keong et al, 2005; Forgasz, 2006). Having
technical skills and access to adequate hardware and software does not in itself
enable teachers to adopt technology into their teaching. Teachers need to plan
for pedagogical objectives and teaching strategies (BECTA, 2004). One of the
objectives of pedagogy is how to ‘prepare lessons’ and put this into practice in
the classroom. Lesson preparation is a pedagogical issue with regards to
technology integration. BECTA (2004, p.10) pointed out that it is just as
important to train teachers in how to use ICT to effectively manage children’s
learning, both during the lesson and also in the preparation of lessons
beforehand (pedagogical training), so as to provide them with skills in the use of
ICT. Training teachers to use computers is not in itself the solution to the
problem of integrating computer technology in teaching. Structuring lessons
incorporating technology is important in mathematics.
1.5

Comparing the importance of barriers

This section summarises the relative ranking of barriers. Seven studies over the
period 1999 to 2009 used a similar methodological approach which involves
teachers ranking items such as: lack of access to computers/computer
laboratories, lack of pedagogical knowledge (computer hardware and software),
lack of professional development (technology skills and use of software
packages), lack of time (to learn how to use hardware and software/cover
syllabus to undergo training), lack of support (technical and institutional), lack of
knowledge preparing lesson plans using technology, resistance to change and
negative beliefs and attitudes. Three of these studies were from the secondary
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mathematics sector and the four were from a combination of higher learning,
secondary education in general and science education in high school. Studies
were from five countries: USA, UK, Malaysia, New Zealand and Australia. The
top six barriers for each study are listed in Table 1.1.
The highest ranked barrier for mathematics studies is the ‘lack of access to
computers/computer laboratories’. This has remained the top ranked barrier
over time. Over the period 1999 to 2006, the lack of access to
computers/computer labs has been found to be the dominant factor preventing
computer use in secondary mathematics (Keong et al, 2005). This is also the
case in Australian secondary mathematics (Forgasz, 2006).
The second ranked item was the same for secondary mathematics in both USA
and Australia. Both studies ranked the lack of pedagogical knowledge
(computer use-hardware and software) as the number two barrier to computer
use.
The third item in Table 1.1 is the lack of professional development in technology
skills and use of software packages. This was ranked equal second in three
countries (USA, Malaysia and Australia).
The fourth item in Table 1.1 is ‘lack of time’ (to learn how to use hardware and
software, to cover syllabus, to undergo training). It was ranked differently
between countries. In the USA, Manouchehri (1999) ranked lack of time as the
sixth barrier to computer use in the secondary mathematics classroom while
Keong et al (2005) ranked it as equal first with lack of access to computers
‘computer laboratories. Forgasz (2006) ranked this item as equal fourth.
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In the other disciplines, a similar pattern emerged with the number one barrier
to computer use in 3 of the 4 surveys being ‘lack of access to
computers/computer labs’ (Ward, 2003; Kengwee et al, 2008 and Bingimlas,
2009). Lack of pedagogical knowledge (computer use-hardware and software)
was ranked equal second in Ward (2003) and BECTA (2004). The UK, USA
and Australian studies all acknowledged ‘resistance to change’ and ‘negative
beliefs’ of teachers/staff regarding the use of computers as barriers to computer
use.
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Table 1.1

Comparison of studies on barriers
SECONDARY MATHEMATICS
Barriers

OTHER DISCIPLINES

USA

Malaysia

Australia

New Zealand

UK

USA

Australia

Manouchehri
(1999)

Keong et al
(2005)

Forgasz

Ward

BECTA

(2006)

(2003)

(2004)

Keengwe et al
(2008)

Bingimlas
(2009)

1

1

1

1

5

1

1

2

4

=2

=2

2

*

*

=2

2

=2

*

*

*

4

Lack of time (to learn how to use hardware and
software/cover syllabus to undergo training)

6

=1

=4

=2

1

*

3

Lack of support (technical and institutional)

5

3

6

5

*

2

5

Lack of knowledge preparing lesson plans
using technology

4

5

=4

=2

*

3

*

Resistance to change

*

*

*

*

3

5

2

Negative beliefs and attitudes

*

*

*

6

4

4

*

Lack of access to computers/computer
laboratories
Lack of pedagogical knowledge (computer
use-hardware and software)
Lack of professional development
(technology skills and use of software packages)

*Not Applicable
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To summarise, the lack of access to computers and computer laboratories
emerged as the dominant barrier to computer use in all three studies of
secondary mathematics: Manouchehri (1999) in the USA; Keong et al (2005) in
Malaysia and Forgasz (2006) in Australia. This is followed by the lack of
knowledge regarding pedagogical issues and teacher training in the use of
computer hardware and software.
1.6

Critique

In the barrier studies summarised in Table 1.1 there was no attempt to model
whether teachers used or did not use technology. In this thesis the first
development is to model computer use exploring the relationships between
barriers and computer use. Thus, allowing a comparison of ‘barriers’ and the
method where participants list a ‘simple modelling approach’ which examines
barriers in relation to computer use. The simple modelling approach is
illustrated in Figure 1.1.
In this model computer use is treated as a behaviour and each of the barriers is
examined in terms of its association with the behaviour. When examined in this
manner, the question of how barriers relate to whether teachers use computer
technology opens up new avenues for investigation, specifically in relation to
why do teachers behave as they do.

P a g e | 20

Figure 1.1

1.7

Simple barrier model for predicting computer use

Theories explaining behaviour

“The consequences of behavior determine the probability that the behavior will
occur again" --B. F. Skinner (1904)
There are many studies in the area of health, government and marketing
investigated either why people behave as they do or how to attempt to change a
behaviour, for example to help people to stop smoking (Elkind, 1985). In several
fields individual’s beliefs and attitudes are thought to influence peoples’
behaviour to perform a certain action. For example, if a young person believes
that having a good education is the key to success in life that belief can
influence the behaviour to perform well at school. It seems reasonable that
similar theories could apply to teachers’ behaviour in the classroom. Indeed
some have attributed the failure to use computers to negative attitudes (Norton
et al, 2000 and Lee, 2000).
The reasons why teachers fail to adopt technology may relate to their negative
attitudes and beliefs. For example, negative attitudes towards accepting the use
of technology (Lee, 2000) and negative attitudes and perceptions of teachers to
make a commitment to learn technology (Pierce and Ball, 2009). Beliefs about
teaching and learning with technology can impact upon teachers’ acceptance of
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technology use (Pierece and Ball, 2009). Berge and Mrozowski (1999) pointed
out that, even teachers whose beliefs that technology integration in the
classroom can assist teaching and learning can be negatively affected by
barriers. Wood et al (2005) investigated teachers’ perceptions of barriers and
facilitating factors in relation to using technology in elementary and secondary
classroom teachers in Canada. They found out that one of the barriers to
computer use is ‘teachers own beliefs and practices about what constitutes
appropriate instruction’ with technology integration in the classroom (p. 203).
The theory which has guided many studies into why people behave as they do
(Davis et al, 1986 & 1989; Phuangthong and Malisawan, 2005: Masrom, 2007;
Venkatesh, 2000; Sandberg and Walhberg, 2011; Vu, Nguyen and Lim, 2011)
has been that of ‘Theory of Reasoned Action’ [TRA] (Fishbein and Ajzen, 1975
and 2010).
Common elements of the TRA include: the influence of perceived beliefs on
behaviour (Lusher and Robins, 2008) and the interconnectivity of beliefs and
attitudes to form behaviour based on intentions (Ajzen and Fishbein, 1980).
Belief is defined as a product of direct experience, with beliefs and values
potentially influential factors that shape a person’s notion about the world
around them (Bem, 1970). According to Fishbein and Ajzen (2010, p. 20),
beliefs originate in a variety of sources such as personal experiences, formal
education, media (radio, TV, news papers and magazines), the Internet and
interaction with family and friends.
The theory of reasoned action has undergone several transformations as shown
in Table 1.2.
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The original theory of Fishbein and Ajzen (1975), in Figure 1.2a, proposed that
attitudes toward behaviour can influence the intention to perform the behaviour.
Consistent throughout all models has been the role of behavioural intentions. A
general theory of reasoned action in Figure 1.2a suggests that intention is the
best single predictor of behaviour but it is important to take into account skills,
abilities and environmental factors (behavioural control) (Fishbein and Ajzen,
2010, p. 21) as a starting point to explain the model. In Figure 1.2b three kinds
of beliefs are distinguished: behavioural beliefs, normative beliefs and control
beliefs.
Fishbein and Azjen (2010) focus on the three beliefs.
(1)

People hold beliefs about the positive or negative consequences they
might experience if they performed the behaviour. These outcome
expectancies or behavioural beliefs are assumed to determine people’s
attitude towards personally performing the behaviour, that is, their positive
or negative evaluation of their performing the behaviour in question. In
general, to the extent that their performance of the behaviour is perceived
to result in a more positive than negative outcomes, the attitude toward the
behaviour is favourable (p. 20).
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Table 1.2

Comparison of Theory of Reasoned Action (TRA) and Technology Acceptance Model (TAM) with modifications
Original Theory of Reasoned Action (TRA)

Modified Theory of Reasoned Action (TRA)

Fishbein & Ajzen (1975)

Fishbein & Ajzen (2010)
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Original Technology Acceptance Model

Modified Technology Acceptance Model (TAM)

Davis (1986, 1989)

Venkatesh (2000)
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(2)

People form beliefs that important individuals or groups in their lives would
approve or disapprove with their performing the behaviour of their
performing the behaviour would as well as beliefs that these referents
themselves perform or don’t perform the behaviour in question. These
descriptive normative beliefs produce perceived norm, that is, perceived
social pressure to engage or not to engage in the behaviour. If more
important others to are believe to approve or disapprove, and if the
majority of important others perform the behaviour, people are likely to
perceive social pressure to engage in the behaviour (p. 20).

(3)

People also form beliefs about personal and environmental factors that
can help or impede their attempts to carry out a behaviour. These control
beliefs result to perceived behavioural control (p. 21).

According to Fishbein and Ajzen (2010), the combination of attitudes, perceived
norms, and perceived behavioural control lead to the formation of a behavioural
intention, or readiness to perform the behaviour. The lack of requisite skills and
abilities, or presence of environmental constraints, can prevent people from
acting on their intentions (p. 21). To predict and understand behaviour fully,
Fishbein and Ajzen (2010) assess not only intentions but also actual
behavioural control (such as relevant skills and abilities as well as barriers to
and facilitators of behavioural performance).
The original theory of reasoned action of Fishbein and Ajzen (1975) has been
criticized and revised by several authors seeking theory more aligned with their
discipline or research studies (Figure 1.2b). One such area is the adoption or
acceptance of technology use whether in society, business, medicine or
education (Masrom, 2007 and Vu et al, 2011). The TRA is the basis of a model
developed by Davis et al (1986 & 1989), see Figures 1.2c & 1.2d, investigating
technology adoption. The Technology Acceptance Model (TAM) uses TRA as a
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theoretical basis for specifying the association between certain key features:
perceived usefulness, perceived ease of use, users’ attitudes, users’ intentions
and actual computer adoption behaviour. (Refer to Table 1.2c). As such it has
often been used in marketing. For example it has been used to test the
acceptance of: Mobile Internet (Phuangthong and Malisawan, 2005); technology
education and E-learning (Masrom, 2007); technology in business marketing
(Liao et al, 2008); technology adoption in the case of High Definition Television
[HDTV] (Baarena et al, 2011); ICT in rural technology (Sandberg and Walhberg,
2011); and E-learning acceptance in graduate programs in developing countries
(Vu et al, 2011). TAM can be extended to cover the application of any type of
technology. When users are presented with a new software package, a number
of variables influence their decisions about how and when they will use it (Liao
et al, 2008). However, studies on marketing focus on intent to adopt or use
rather than ‘actual behaviour’ (Liao et al, 2008; Baarena et al, 2011). For
example, in Masrom’s study the actual use of technology in E-learning was not
modelled, it was the intention to use that was explored in the TAM model.
Behavioural intention is a common element to all models (Figures 1.2a, 1.2b,
1.2c & 1.2d), while attitude is in three models (Figures 1.2a, 1.2b & 1.2c).
The questions posed in this thesis have elements which suggest that theories of
‘why people behave’ are an appropriate starting point for the investigation. In
this thesis intent to use was assumed if a teacher had trained in the use of
common software packages used in mathematics teaching. A revised model,
based on Ajzen and Fishbein (2010) model of theory of reasoned in Figure 1.2b
was used in this thesis, as it aligned with the context of the purpose and
objectives of the present thesis.
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1.7.1 Initial model predicting the adoption of computer use (usage
behaviour): the revised TRA model
The assumption in this thesis is that teachers’ training on software packages is
indicative of to the ‘behavioural intention’ to use computers in mathematics
teaching.

Figure 1.2

Initial model for predicting the adoption of computer use

In this thesis, computer use was the behaviour of interest, defined as whether or
not the teacher used computers in the classroom. Whether it be using
spreadsheets to undertake calculations or some other technology use, say of
the Internet to find resources. Ajzen and Fishbein’s model postulates that
beliefs influence people to either perform or not to perform the behaviour. In the
model proposed, the teachers’ intention to use or not use computers is guided
by the understanding of an individual teacher’s professional development,
behavioural beliefs, normative beliefs, control beliefs, behavioural intentions and
behaviour of interest (computer use). To model computer use in the classroom
the following components of the model were defined.
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1.

Behaviour of interest. In our model this is called ‘computer use’.

2.

Behavioural beliefs. These are the beliefs teachers perceived about the
nature of mathematics and how mathematics is taught with or without the
use of technology.

3.

Normative beliefs. Background information such as the curriculum
mandate to use technology is considered to be the normative beliefs.

4.

Control beliefs. Teachers were asked what was preventing them from
using computers in the classroom. Inhibiting factors or barriers that they
perceived impeding them from using computer use were identified. These
are called control beliefs. Examples of control beliefs are the lack of
access to computer/computer laboratories and lack of knowledge of lesson
planning in mathematics with technology use.

5.

Behavioural intentions. For teachers who had undergone training in
software packages, it is assumed that their seeking to undertake such
training was an indicator of their intention to use computers. Ajzen and
Fishbein (2010) emphasized that ‘the stronger the intention’ the more likely
it is that the behaviour will be carried out to perform their intentions. They
further noted that it is only when people have control over behavioural
performance that intention is a ‘good predictor’ of behaviour.

Actual control. In this thesis, formal training such as postgraduate studies and
teaching experiences, such as number of years teaching with computers, are
classified as actual control. None of the items in the actual control were
significant. This is the reason why ‘actual control’ was not included in the
simplified version of the model. A simplified model for predicting the adoption of
computer use is presented in Figure 1.3
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Figure 1.3

1.8

Final model for predicting the adoption of computer use

Structure of the thesis

The structure of the thesis is presented in a diagram format. See Figure 1.4.

Figure 1.4

Diagram of the structure of the thesis
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Chapter 2. This chapter examines computer policies and associated curricula
for Australian states. These define the structure of the mathematics subjects at
high school, their contents, specific syllabus or topics for the mathematics
discipline including outlines of assessments, and desired outcomes. This is
interpreted as providing the ‘normative beliefs’, for teachers all of whom work in
a context that requires use of information and communication technology (ICT).
Chapter 3. This chapter provides an analysis of the literature. It examines two
broad areas relating to the use of ICT in mathematics teaching and learning.
1.

The beliefs and attitudes that shaped teachers’ acceptance of using ICT in
mathematics.

2.

The importance of professionally developing teachers in the use of ICT in
the mathematics classrooms.

Chapter 4. This chapter provides an introduction to, and the background behind,
the chosen research methodology. This included a historical perspective of
positivism and post-positivism paradigms and how they are linked to
‘quantitative’ and ‘qualitative’ approaches in research. The emergence of a
mixed-method approach was also explored and finally, a discussion of the
‘triangulation’ method of inquiry is provided. It also presents the stages of the
development of the questionnaire for this study. This chapter includes: the
researcher’s choice of methodological approach, the design of the study, the
settings and participants, the structure of the questionnaire, the data collection
procedure, instrument design, data analysis, ethical issues and limitations of the
study.
Chapter 5. Presents the results and analysis gathered from the questionnaire
survey used in the first study of the thesis. The results provide an overview of
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the demographics of the participants. Several models of the behaviour ‘used or
did not use computers in the classroom’ were explored using logistic regression
analysis. This chapter also presents discussion of the individual teacher’s
comments on six open-ended questions. The aim of this chapter is to discover
what experiences and challenges teachers face in integrating computer
technology into their teaching. Teachers were asked the following open-ended
questions
1.

Do you require any other ongoing support for your inclusion of computers
into the teaching of mathematics?

2.

In your own words teaching mathematics with computers is …

3.

Describe your most successful use of computers in the teaching of
mathematics?

4.

How is the integration of computer-based technology into the teaching of
mathematics accomplished in your school?

5.

Have you observed any successful outcomes as a result of integrating
computer-based technology to your teaching?

6.

Are there any other challenges that need to be addressed in your school in
order to have mathematics teachers integrate computer-based technology
into teaching?

Chapter 6. In this chapter the focus shifts to understanding teaching paradigms,
theories and contexts within which teachers work.
Chapter 7. In this chapter inexperienced teachers’ choices regarding teaching
are examined from the perspective of teachers applying learning theories they
learned from teacher training, and in the case of experienced teachers, their
choices in relation to the application of learning theories they are already using,
and their experiences in mathematics teaching.
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Chapter 8. This chapter provides a summary of the findings of the study and
includes recommendations regarding future research in technology education
as well as recommendations to educational planners.
The thesis concludes with references used in the study together the
questionnaire survey that was used as an instrument to gather the data. The
appendices also include the Ethics approval letter, permitting the conduct of the
study, University of Wollongong (UOW), letter of approval for conducting a
study with New South Wales Department of Education and Training secondary
public school teachers, copies of letters requesting participation by schools and
mathematics teachers, and finally a copy of the consent letter provided by
teachers, mathematics head teachers and school principals.
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Chapter 2
Mathematics curriculum as ‘normative
beliefs’
It is crucial that mathematics educators develop better descriptions of how
curricula differ and what bets (cognitive, pedagogical, and technological)
particular curricular make (Yeryshalmy & Chazan, 2008, p.807).
2.1

Overview

Many people still equate a curriculum with a syllabus (Smith, 1996, 2000).
Syllabus is an outline or summary of a course of studies and lectures (The
Macquarie Dictionary, Australia, 1989, p. 410). Whereas, a curriculum can be
defined as a body of knowledge-content and/or subjects (Smith, 1996; 2000).
Alternatively curriculum is defined as an aggregate of courses of study given in
a school, college or university (The Macquarie Dictionary, Australia, 1989, p.
108).
The mathematics curriculum can be defined as:
… an operational plan for instruction that details what mathematics
students need to know, how students are to achieve curriculum goals,
what students are to do to develop their mathematical knowledge, and
the context in which learning and teaching occurs (National Council of
Teacher of Mathematics (NCTM), 1997, p. 1).
In educational terms, mathematics curriculum includes the syllabus, focus,
standards, goals, learning outcomes and indicators (Keitel and Ruthven, 1993,
p. 209). Mathematics curriculum around the world commonly consists of
coherent sets of topics (National Curriculum Board, 2008). In Australia, the
mathematics curriculum is categorised into sets of syllabi (for example, Year 7
Mathematics Syllabus). Each syllabus for every age group is divided into core
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content. Some states call it a ‘strand’ (for example, the states of New South
Wales, Queensland and Victoria, and the Northern Territory), whilst others
name it a ‘standard’ (the states of South Australia and Tasmania, and the
Australian Capital Territory). The common core content of the mathematics
syllabi in the Australian setting in the early years to Year 10 covers: numbers,
patterns and algebra, data, measurement, and space and geometry. At the time
of writing this thesis, a National Curriculum in Mathematics is being developed
with consultation about the proposal currently being undertaken. The proposed
curriculum includes three content strands: number and algebra, measurement
and geometry, and statistics and probability. See diagram Figure 2.1

Figure 2.1

Proposed structure of Australian Mathematics Curriculum Key
Learning Area

The curriculum in this thesis is interpreted as constituting the ‘normative beliefs’
of mathematics teachers as it defines what they are expected to do. Curriculum
in essence identifies the norms or ‘normative beliefs’ to which teachers are to
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adhere. Social and educational pressures to behave in a particular way
originate from the mathematics curriculum, policy mandates regarding computer
use and technology initiatives in relation to mathematics. These provide the
societal expectations considered to be ‘norms’ as a basis for educating youth
for their future life. Curriculum is further interpreted in this thesis as a ‘constant’
applicable to all teachers. It spells out the goals of the mathematics curricula
and the requirements regarding the integration of technology into the teaching
of mathematics.
Therefore the primary focus of this chapter is to provide an overview of the
Australian mathematics curricula in K-12 of six states in Australia: Victoria,
Tasmania, South Australia, Queensland and Western Australia with a more
intense focus on New South Wales, the site of data collection.
This chapter provides an overview of:
1.

Mathematics curricula in an Australian context (2.2);

2.

ICT use in Australian Mathematics Curricula (2.3); and

3.

Technology initiatives in New South Wales and its impact on Mathematics
Curricula (2.4).

2.2

Mathematics curricula: Australian context

Mathematics is one of the key learning areas in the Australian states curricula.
In different Australian states mathematics has been ascribed different
meanings. These differences arise due to the different aspirations a community
holds for the next generation of learners (Mathematics Curriculum Standard
Framework 11, 2004, p. iv).
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In New South Wales there is a focus on mathematics as reasoning and as a
creative activity that employs abstraction and generalisation to identify, describe
and apply patterns and relationships. The study of mathematics in New South
Wales provides opportunities for students to learn to describe and apply
patterns and relationships; reasons, predict and solve problems; calculate
accurately both mentally and in written form; estimate and measure; and
interpret and communicate information presented in numerical, geometrical,
statistical and algebraic forms (Board of Studies, New South Wales, 2002, p.7).
The Australian Capital Territory Department of Education and Training defined
mathematics as the science of space and patterns where the mathematician
seeks patterns in number, in space, in science, in computers and imagination
(Australian Capital Territory Department of Education and Training and
Children’s, Youth & Family Services Bureau, 1997, p. 14).
In the state of Queensland, mathematics is defined as a unique and powerful
way of viewing the world to investigate patterns, order, generality and
uncertainty. Mathematics assists individuals to make meaning of the world. The
use of mathematics empowers individuals to distil the essence of life
experiences into universally true abstractions and, at the same time, to apply
these abstract ideas to interpret new situations in the real world (Queensland
Studies Authority, 2004, p.7).
The Tasmanian Department of Education presents a mathematics-numeracy
curriculum. Within the curriculum, the Tasmanian schools reflect the changing
nature of the numeracy demands of an increasingly technological quantitative
world. Their definition of mathematics is, it enables all learners to become
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active, lifelong learners with a greater capacity for problem-solving, inquiry,
analysis,

critical

thinking

and

enjoyment

(The

Tasmanian

Curriculum

Mathematics–numeracy, K-10 Syllabus, Department of Education, 2007, p. 5).
In Victoria mathematics was seen as the science of patterns in the real world
and also within mathematics itself (Mathematics Curriculum Standard
Framework 11, 2004, p. 5).
In Western Australia mathematics was seen as the science of space and
patterns (Western Australia Curriculum Framework, 1998, p. 178).
While variously defined there were common strands or structures that were
identified when comparing the curricula and requirements for technology use in
the different states and territories.
2.3

ICT use in Australian mathematics curricula

The mathematics curricula in Australia used the terminology ‘strands’ or
‘standards’. Strands (or topics) were used as organisers of mathematical
outcomes and contents to guide teachers in how to prepare lessons and assess
students. The states have commonalities in the mathematics strands used in
their curriculum: number, chance and data, measurement, patterns and algebra,
reasoning and geometry. The state of New South Wales included ‘working
mathematically’ in their curriculum while the state of Victoria included ‘reasoning
and strategies’ in their mathematics strand. The mathematics curricula of the
Australian states and territories (Australian Capital Territory, Queensland,
Northern Territory, South Australia, Tasmania, Victoria and Western Australia)
have as a common goal the development of students’ numeracy abilities.
However, their strategies for obtaining outcomes vary accordingly to
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specification in the strands. The use of technology was embedded in strands
where it was considered appropriate. The term ‘appropriate use’ of technology
was repeated several times in the mathematics curriculum documents and was
used in this thesis. ‘Appropriate’ means that not all strands/topics in K-12
require the use of technology because some strands/topics can be learned
using mental computation, concrete objects and a variety of strategies, for
example in the early years of schooling, Years 1 to 2.
The content of the mathematics curriculum is huge, comprising syllabi (for each
level/standard/year of schooling). Accordingly the syllabi were divided into
strands, with strand broken down into core topics ranging from basic concepts
to more complex. The use of technology, such as computers and mathematics
software (spreadsheets, Winplot, Computer Algebra Systems (CAS), dynamic
geometry software, statistical packages and the Internet), were mentioned and
incorporated as tools to teach mathematics in strands/topics where they can be
used appropriately.
Parallel to the introduction of computer use elsewhere in the world, Australia
has been involved in curriculum development that specifies a greater use of
technology in primary and high school education. In this chapter, policy
documents relating to mathematics curriculum were reviewed and in particular
the appropriate use of technology in strands was considered. Table 2.1
presents statements regarding requirements for the ICT use in mathematics
curriculum in the six states, Victoria, Tasmania, South Australia, Queensland,
Western Australia and New South Wales. To provide an overview of the use of
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Table 2.1

ICT Use in Mathematics Curriculum of Australian States

Source of Policy

States

ICT Use in Mathematics Curriculum

Mathematics
Curriculum and
Standards Framework
II, Board of Studies,
Victoria, 2004

Victoria

Mandatory use of Computer Algebra
Systems (CAS) in Mathematics Units 1,
2, 3 and 4 for Years 11-12. Unit 1:
Mathematical Methods (CAS); Unit 2:
Mathematical Methods (CAS); Units 3 &
4: Mathematical Methods (CAS)

The Tasmanian
Curriculum
Mathematics–
numeracy, K-10
Syllabus, Department
of Education, 2007

Tasmania

For each standard of The Tasmanian
Mathematics Curriculums there is a
statement of ICT use. For example, the
use and learning of ICT (spreadsheet
software and graphing software) in
‘Standard 4’ to organise and analyse
data.

R-10 Mathematics
Teaching Resource
Document, South
Australian Curriculum,
Standards and
Accountability
(SACSA) Framework,
2004

South
Australia

One of the purposes of the mathematics
curriculum is to provide examples for the
use of a range of ICT’s in mathematics
teaching. The ICTs include interactive
software and calculators. For example,
the use of spreadsheets to record data in
Year 7 lesson.

Mathematics Years 1
to 10 Syllabus,
Queensland Studies,
Authority, 2004

Queensla
nd

The Mathematics Years 1 to 10 Syllabus
of Queensland provides a framework and
assessment opportunities through what
they know in mathematics. It incorporates
the use of a range of technologies to
enhance efficiency in student learning.

Mathematics Learning
Area Statement,
Western Australia
Curriculum
Framework, 1998.

Western
Australia

Students in the late adolescence (Years
10 to 12) use calculators,
spreadsheets, computer packages and
computers as tools for solving
mathematics problems in all the
mathematics learning area outcomes
(strands).

Mathematics Years 710 Syllabus, Stages 4
and 5, Board of
Studies, NSW, 2002

New
South
Wales
(NSW)

The use of technology in the
mathematics curriculum is stated in the
policy in strands/topics where it can be
used appropriately. However, it is not
mandatory for teachers to use them.
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ICT in mathematics, six states were considered to illustrate how and when or
where they integrated computer technology in any level of years of schooling
(K-12). The mathematics curricula of two Australian territories: Northern
Territory (NT) and Australian Capital Territory (ACT) were not included in the six
states examined. The NT Curriculum Framework was designed from the
strands of NSW DET, Western Australia (WA) DET and New Zealand. For
example, the NT’s ‘space and measurement’ strands were patterned after the
NSW DET mathematics curriculum; the ‘number’ strand was derived from NZ
framework; and the ‘chance and data’ strands were taken from the WA DET.
In the case of ACT, there was no single mathematics curriculum that
corresponds with the organisational structure of the six states. There was a
separate mathematics curriculum document for primary schools as well as for
the secondary schools. There was also a separate mathematics course
framework for the ACT Year 12 Certificate.
The analysis of the role of technology in the teaching of mathematics as
ascertained from policy and curricular documents involved identifying:
1.

Technology or suggestions for each strand/topic in terms of strategy;

2.

Topics which were ‘appropriate’ for the inclusion of technology;

3.

Requirements, for the use of technology in assessment;

4.

The support provided for teachers to use technology such as release time
to learn technology and technical support; and

5.

Any unique features of the sample states (Victoria, Tasmania, South
Australia Queensland, Western Australia and NSW).

The technology initiatives in the six states are presented drawing from specific
course content, levels/stages/standard.
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2.3.1 Organisation of curriculum: Victoria
The organisation of the Victorian Mathematics Curriculum includes: Years/levels
of schooling, strands, assessment and the use of technology (Refer to Figure
2.2).

Figure 2.2

Organisational structure of Victorian mathematics curriculum. This
figure is based on Victorian Mathematics Curriculum Standard
Framework 11, Board of Studies, 2004

The goals of the Mathematics in K-10 syllabus of Victoria are to help students:
acquire mathematical skills for employment and further their study and interest
in life; interpret, communicate quantitatively and process logical ideas
quantitatively; and, recognise the importance of mathematics to the functioning
of the society (Mathematics Curriculum and Standards Framework 11, Board of
Studies, 2004, p. 6). The syllabus also provides opportunities for students to
understand the role of mathematics in social and technological change, and to
use that technology in an appropriate and effective way.
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2.3.1.1

Levels/years of schooling

The mathematics curriculum of Victoria provides six levels for student
achievement over eleven years of schooling, from preparatory to year 10.
These levels are: Level 1 (end of Preparatory year); Level 2 (end of Year2);
Level3 (end of Year 4); Level 4 (end of Year 6): Level 5 (end of Year 8) and
Level 6 (end of Year 10). At Level 1 the students learn to count, compare and
collect at least 20 objects, whereas by end of Level 6 students calculate
mentally, supplementing the use of calculators by recalling exact values for
common powers and roots as an approximation for powers and roots of other
numbers, see Table 2.2.
Level 6 is designed to provide the transition between the end of the compulsory
Level 5 and the requirements of the Victorian Certificate of Education (VCE) [p.
2].
2.3.1.2

Strands

The Victorian Mathematics Curriculum is divided into ‘strands’ and ‘substrands’. The content strands comprised: space, number, measurement and
data (level 2), measurement (from level 3), chance and data (from level 3),
algebra (from level 5), and a non-content strand, ‘reasoning and strategies’ in all
levels. See Table 2.2.
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Table 2.2

Extract from levels/years and strands of the Victorian Mathematics Curriculum
STRANDS

Levels/Years

Space

Number

Measurement and Data

Level 1

Space and Shape

Numbers, counting and numeration

(End of
Preparatory year)

Location

Mental computation and estimation

Level 2

Space and Shape

Numbers, counting and numeration

Measuring and estimating

(End of Year 2)

Location

Mental computation and estimation

Time

Computation and Applying number

Using relationships

Chance and
Data

Algebra

Measuring and estimating

Computation and Applying number

Chance
Data
Level 3

Space and Shape

Numbers, counting and numeration

Measuring and estimating

Chance

(End of Year 4)

Location

Mental computation and estimation

Time

Computation and Applying number

Using relationships

Posing
questions and
collecting data
Summarising
and presenting
data
Interpreting data

Level 4

Space and Shape

(End of Year 6)

Location

Level 5

Space and Shape

Numbers, counting and numeration

Computation and Applying number

Expressing
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(End of Year 8)

Location

generally
Equations
and
inequalities
Functions

Level 6

Space and Shape

(End of Year 10)

Location

Computation and Applying number

Chance,
presenting data
Interpreting data

Equations
and
inequalities
Functions

Levels

Sample of ICT Opportunities

Level 6

Number: select an appropriate technology like, spreadsheets for a particular mathematical
application (problems involving scientific notation)

Level 6

Algebra: select an appropriate technology like, spreadsheets for a particular mathematical
application (problems involving scientific notation)

Level 6

Data: students use statistical packages and spreadsheets to construct graphical displays of
univariate data and to calculate measures of central tendency and other statistical data

Level 6

Space: use of geometry software package to construct coordinates and graphs in describing
a locus (path)

Indicates sample of ICT opportunities
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2.3.1.3

Assessment

Another characteristic of the Victorian system is that it specifies how technology is
to be used in assessment. The students who studied the courses in Units 1 and 2
in Table 2.3 are assessed for their understanding and mastery of the study using
technology, see Table 2.4 for examples of assessment tasks used.
Table 2.3

Examples of topics from strands of Units 1 and 2, Victorian
Mathematics Syllabus, for Foundation Mathematics, General
Mathematics and Mathematical Methods, 2004
Unit 1

Unit 2

Topic

Weeks

Topic

Weeks

Financial Arithmetic

3

Shape and measurement

Univariate data

4

Geometry in
dimensions

three

4

Linear graphs and modeling

4

Trigonometric ratios and their
applications

4

Linear relations and equations

3

Networks

3

Bivariate data

4

Matrices

3

two

or

4

Source: Victorian Curriculum and Assessment Authority, 2005, p. 53

The use of using technology is present in the assessment tasks of students
studying Units 1 and 2 in assignments, tests, projects, problem-solving tasks and
modelling tasks, excluding summary of review notes and short written responses.
See Table 2.4.
Table 2.4

Examples where technology is used in assessment tasks of Victorian
Mathematics Syllabus, 2004

Assessment Task

Key competencies and employability skills

Assignments

Use of information and communications technology (ICT)

Tests

Self management, use of information and communications
technology (ICT)

Summary of review
notes

Self management

Projects

Communication, team work, self management, planning and
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organisation, use of information and communications technology
(ICT), initiative and enterprise
Short written responses

Communication and problem solving

Problem-solving tasks

Communication, problem solving, team work , use of information
and communications technology (ICT)

Modelling tasks

Problem solving, planning and organisation, use of information and
communications technology (ICT)

Source: Victorian Curriculum and Assessment Authority, 2005, p. 53

2.3.1.4

Recommended use of technology

Developments in the availability of calculators, graphics calculators and computer
software have led to a major re-evaluation of the Victorian school mathematics
curricula in terms of content and strategies for teaching and learning mathematics
(Mathematics Curriculum and Standards Framework II, Board of Studies, Victoria,
2004).
The use of calculators, software and computer technology in appropriate settings
(for example, the use of spreadsheets or statistical software in a lesson in the
‘Chance and Data’ strand) is mandated in the Victorian system. Further, the
Victorian Mathematics Curriculum distinguishes between different types of
software:
Some computer software can be regarded as mathematical tools and as
such is distinct from other software which aims to facilitate the learning of
specific concepts and skills. An electronic spreadsheet, for example, is a
tool that a student might use to construct a simulation, test a conjecture,
plot a function or create a table of values based on a number of inputs
(Mathematics Curriculum Standard Framework 11, 2004, p. 26).
2.3.1.5

Unique features

Mandated use of technology software: One of the unique features of the Victoria
Mathematics curriculum is the mandatory use of Computer Algebra Systems
(CAS) at Level 6 Mathematics (VCAA Bulletin, October 2007, p.10,). The
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Mathematics key learning area (KLA) supports these developments by placing
clear emphasis upon the sensible use of technology in concept development (like
learning the steps how to solve equations in one unknown, for example: solve for
x in -4x + 6 = -8x + 12), as well as technology assistance in problem solving,
modelling and investigative activities. Schools in Victoria are mandated to ensure
that calculators and computers are available for mathematics lessons, consistent
with the outcomes of each level (Mathematics Curriculum and Standards
Framework II, Board of Studies, Victoria, 2004, p. 8).
Support: The mathematics curriculum provided support for lesson preparation with
the use of technology. The Mathematics Victorian Certificate of Education Study
Design Module/Document (Victorian Curriculum and Assessment Authority, 2005)
specified detailed and comprehensive support for teachers of Years 11 and 12
Mathematics [Units 1 and 2 (Foundations of Mathematics); Units 1 and 2 (General
Mathematics); Units 1, 2, 3 and 4 (Mathematical Methods-CAS)]. The support for
teachers included: the use of information and communications technology in each
unit of study, provision of examples of mathematics lessons using software
packages, approaches to lesson development, learning activities for students, step
by step teaching strategies to teach with technology and assessment procedures
including technology use. For example, a sample teaching sequence of Unit 2
(course 2), is provided as a guide for teachers in lesson preparation with
technology use. The designing of the course/sequences of topics and the
development of learning activities mandated the application of information and
communications technology such as computer-based learning, multimedia and the
World Wide Web, where applicable to teaching and learning activities.
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2.3.1.6

ICT opportunities

The Victorian Mathematics Curriculum prescribed the opportunities in the use of
technology in schools (Mathematics Curriculum and Standards Framework II,
Board of Studies, Victoria, 2004). These include the use of:
Calculators in the ‘number’ strand (p.8);
Graphics calculator or computer software such as spreadsheet, graphing software
or a Computer Algebra System (CAS) in the ‘algebra’ strand to draw tables, graphs
and statistical output. This is particularly applicable to Level 6 (end of Year 10) and
beyond. However, some schools chose to integrate technology in the early stage (p.
8); and
Dynamic software in the ‘space and geometry’ strand to construct and manipulate
geometry objects, such as the construction of plane shapes (square, rectangle and
polygons) and solids (as prisms, cubes and conics) [p.8].

Examples of topics from ‘strands’ where opportunities in ICT use in the Victorian
Mathematics Syllabus, Level 1 to Level 6 in 2004 is shown earlier in Table 2.2.
2.3.2 Organisation of curriculum: Tasmania
The broad organisation of the Tasmanian Mathematics Curriculum includes: Year
levels/stages of opportunities to learn and standard, strands, assessment and use
of technology (refer to Figure 2.3). The finer details of the organisation are
presented in Table 2.5.
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Figure 2.3

Organisational structure of Tasmanian mathematics curriculum. This figure is based on the Tasmanian Curriculum
Mathematics–numeracy, K-10 Syllabus, Department of Education, 2007
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Table 2.5

The data are extracts from levels, opportunities to learn and strands of Tasmanian Mathematics Curriculum

Year Level

Stages for
Opportunities to
learn

STRANDS
Standard

Kinder-Prep

Stages 1-4

Standard 1:(Stage 1-2-3)

Years 1 and 2

Stages 3-6

Standard 2:(Stage 4-5-6)

Years 3 and 4

Stages 5-9

Standard 3:(Stage 7-8-9)

Years 5 and 6

Stages 7-11

Standard 4:(Stage 10-11-12)

Years 7 and 8

Stages 9-13

Standard 5:(Stage 13-14-15)

Years 9 and 10

Stages 11-15

Numeracy

Algebra, function
and pattern

Measurement

Space

Chance
and Data

NUMERACY STRAND: Sample ICT Learning Opportunities
STANDARD 1: Students will learn to use a mouse and arrow keys to open and operate teacher-selected software. Students can use stamps in KidPix and the
mouse to create and then group information.
STANDARD 2: Students will learn how to use Microsoft Excel to create a column graph of class personal fitness results to examine whether the group have
improve over time. Students use drawing tools of Microsoft Word to develop a map of the school and, with support, describe what problems they had in drawing
paths, gardens, etc.
STANDARD 3: Students use Microsoft Excel or Tinkerplots to record the results of a survey on TV viewing habits and then collate the data in different ways
(girls, boys, age, year group of students, day of the week and access to a computer) in order to identify patterns and trends.
STANDARD 4: Students to use appropriate processes on a calculator to undertake a series of calculations where periods of time must be entered as fractions
(decimals) of an hour and use Microsoft Excel to record, organise and analyse (including graphing) collected on Australia’s growing obesity problems in order to
identify patterns and trends and make generalizations.
STANDARD 5: The focus of standard 5 is ‘thinking and working mathematically’. Students are given the opportunity to select and use technology in various
combinations to assist in mathematical inquiry, to manipulate data, and to analyse functions. and transform them.
contributors (The Tasmanian Curriculum, Mathematics-Numeracy, K-10 syllabus, Board of Studies, 2007, p. 6).
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2.3.2.1

Year levels

As represented earlier in Table 2.5 the Tasmanian Mathematics Curriculum
includes five standards and fifteen stages covering the scope and sequence of
learning opportunities of students from K-10. For each standard there is a
statement providing ICT use and how to teach the specified content (p. 10). Stage
13 Standard 5 has an additional focus not covered in the strands, it is a separate
topic for students learning independently using ICT to enhance the efficiency of
modelling, thinking and problem-solving strategies (Tasmanian Curriculum
Mathematics-numeracy, Department of Education, 2007, p. 81). An example of
addressing independent learning is through the use of technology provided for
Stage 15, in the ‘algebra, function and pattern’ strand to investigate whether
turning points of a quadratic function always occurs at an x takes a value halfway
between the two x intercepts.
2.3.2.2

Strands/standard

The core content strands of the Tasmanian Mathematics Curriculum include:
number, algebra, function and pattern, space, measurement, chance and data
(The Tasmanian Curriculum Mathematics-Numeracy K-10 Syllabus, Board of
Studies, 2007, pp. 6 & 7). The content strands are generic to all levels of schooling
but vary in sub-topics as students progress to the next level of schooling. For
example the ‘number’ strand contained topics such as the models for number,
counting, magnitude, order and computation. Computation and calculation are
tasks, carried out mentally and with the use of technology (p.6). The use of ICT in
the numeracy strand, ‘standard 1 to standard 5’, is progressively developed before
students reach the end of Year 8. Descriptions of standards and stages are
provided in Table 2.5. For example, Standard 1 had three stages (Stage1-2-3). At
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standard one, the students are taught generic and basic skills of understanding
ICT specific to mathematics. For example, students learn how to draw common
shapes like square, rectangle and triangle using a computer program. Standard
two [Standard 2 had three stages (Stage 4-5-6)], in which students need to learn
ICT skills related to mathematics. For example, students can use spreadsheets to
record data. The next stages are standards three and four, in both students will
learn ICT skills related mathematics numeracy. At standard five, it is assumed that
students have learned the basic skills and understand and use technology. At this
stage, the students can make decisions about type of software to use in any
particular mathematics learning.
2.3.2.3

Assessment

The Tasmanian curriculum provides an ‘assessment evidence guide’ across each
strand at each stage within a standard (Tasmanian Curriculum MathematicsNumeracy K-10 Syllabus, Board of Studies, 2007, p. 95). The ‘assessment guide’
noted that students do not have to be capable of achieving everything within a
particular stage. The evidence for achievement is through student demonstration
of being capable. The assessment procedures do not specifically mention the use
of technology in testing the outcomes of the strands. Teachers are given the
freedom to make a judgment as to whether the student has only just reached the
stage for being ‘proficient’ or has progressed well towards the next stage as
‘advanced’.
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2.3.2.4

Recommended/mandated use of technology

Mandated use of technology: In general, the mathematics curriculum of Tasmania
mandated technology integration in areas where it was considered appropriate to
use it. Students learn about and use ICT in numeracy to develop their skills of
problem solving, communicating and reasoning. They identify data needs and use
ICT to locate and access data. Students use the power of ICT to organise,
manipulate and transform data and develop their own interpretations and
understandings. Students apply mathematical skills and concepts to familiar and
unfamiliar problems and use ICT to test and generate proofs and hypotheses (The
Tasmanian Curriculum Mathematics Numeracy, K-10 Syllabus and support
materials, Department of Education, 2007, p. 10).

2.3.2.5

Unique features

Compared to the curriculum from other states the Tasmanian Mathematics
Curriculum is unique in that ICT is embedded in every topic of all five ‘standards’
(refer to Table 2.6).
2.3.2.6

ICT opportunities

The Tasmanian Mathematics Curriculum provides ICT opportunities for all
students at all standards within the strands (The Tasmanian Curriculum
Mathematics-numeracy, K-10 syllabus and support materials, Department of
Education, 2007). One example is the use of ICT in the ‘number’ strand from
Standard 1 to 5. Students are required to learn generic skills and understandings
of ICT skills to support their learning (p.16).
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2.3.3 Organisation of curriculum: South Australia
The organisation for the South Australian Mathematics Curriculum includes:
Standard/year levels, strands, assessment and use of technology. It is the similar
to the broad structures for Victoria (Figure 2.2) and Tasmania (Figure 2.3).
The South Australian Mathematics Syllabus R1-10 was implemented with the
support of the South Australian Department of Education and Children’s Services.

1

R refers to the early stage of the development of the child.
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This support
Table 2.6
Year
Level

All strands at all standards have opportunities for ICT Tasmanian Mathematics Curriculum
Stages for
Opportunities
to learn

KinderPrep

Stages 1-4

Years 1
and 2

Stages 3-6

Years 3
and 4

Stages 5-9

Years 5
and 6

Stages 7-11

Years 7
and 8

Stages 9-13

Years 9
and 10

Stages 11-15

STRANDS
Standard
Numeracy

Algebra, function and
pattern

Standard 1:
(Stage 1-2-3)
Standard 2:
(Stage 4-5-6)
Standard 3:
(Stage 7-8-9)
Standard 4:
(Stage 10-11-12)
Standard 5:
(Stage 13-14-15)

The shaded box indicates that all strands at all standards have opportunities for ICT

Measurement

Space

Chance and
Data
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included: the provision of a professional learning package, ‘Planning for Teaching
and

Learning’

with

a

‘PowerPoint

Presentation’

available

at

http://www.sacsa.sa.au/companion; outreach programs (for example, Technology
School of the Future, Education Development Centre, Hindmarsh, South Australia)
in the form of training; and, the provision of examples of resources including
references; suggested websites; equipment for early years (p.8).
2.3.3.1

Year levels

The South Australian Mathematics Curriculum is organised into ‘bands’ according
to year levels, such as: Early Years (R-2), Primary Years (3-5), Middle Years (6-8)
and a combined Middle-Senior Years Band (9-10). These were categorized into
bands to meet the aims and purposes of the curriculum. Refer to Table 2.7. It also
shows the use of ICT where appropriate.
2.3.3.2

Strands

The mathematics learning area in the South Australian Mathematics Curriculum, is
structured to cover the strands as: exploring, analysing and modelling data;
measurement; number; pattern and algebraic reasoning; spatial sense and
algebraic reasoning and analysing and modelling change (for Senior Years Band
only). (Refer to Table 2.7).
2.3.3.3

Assessment

There were no specified types of assessment procedures in the South Australian
Mathematics Curriculum document, however it provided sample learning
descriptors as sources of ideas so that teachers could

make appropriate

assessment tasks. For example, in the ‘analysing and modeling change’ strand a
key idea provided to teachers was “students are expected to use and interpret
relationships between variables as tools for analysing and modelling change, and
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to make reasonable predictions about future events” (refer to Table 2.8). From this
guide teachers could establish assessment tasks that involve learning descriptors.
2.3.3.4

Recommended use of technology

To address the use of technology in appropriate topics, the South Australian
Mathematics Curriculum R-10, states that:
Worldwide developments in mathematics mean that it is necessary to use
technologies, including information and communication technologies, to be
able to represent and model contextual applications of mathematics, to
manage and interpret data and to critically use mathematics to understand
the physical and social environment (p.7).
For each standard there is a statement of ICT and how to teach the specified
content (p. 8).
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Table 2.7

Extract from standards, year levels and strands of South Australian Mathematics Curriculum
STRANDS

Standard/Year Level

Exploring, analyzing
and modeling data

Number

Measurement

Patterns and algebraic
reasoning:

Spatial sense and
geometric reasoning:

Standard 1 - Early Years (R-2)
Standard 2 - Primary Years (3-5)
Standard 3 - Middle Years (6-8)
Standard 4 - Combined Middle –
Senior Years Band (9-10)
Standard 5 - Senior Years (10)

Standard/Years

Examples of ICT Opportunities

Standard 5 (Year10)

Number: use of ICT and other methods by calculating incomes based on different modes of
payment

Standard 5(Year 10)

Exploring, analyzing and modeling data: use of ICT to visualize the line of best fit and uses
ICT’s to determine the equation.

Standard 3(Year 8)

Spatial sense and geometric reasoning: use of ICT to investigate nets of more complex
objects, like crystals and soccer ball.

Standard 3(Year 8)

Patterns and algebraic reasoning: use of spreadsheets to make a number machine to look
at rules for linear expressions.

Toward Standard 2 (Year 5)

Measurement: use of software to create calendar

R refers to the early stage of development of the child

The shaded box means sample of opportunities for ICT
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Table 2.8

Sample ideas for teachers’ planning, programming and assessment of the curriculum

Strand: Analysing and modeling change
Standard 5 (Senior Years-Year 10)
Key Ideas

Outcomes
Year 10

Year 9 towards Standard 5

(Standard 5)
Students express
personal ideas
and analyse
graphical
representations.
They make and
justify predictions
and relationships
between
variables
involving a range
of times and
cultures.

Change

This strand begins at Year 10.

Uses scatter graphs to plot data like number
of women competing in the Olympic Games.
Express the relationship between the
variables represented on the scatter graph
as strong or weak, positive or negative
correlations.

Draws,
describes
and
justifies
graphical
relationships between variables.
Uses and interprets relationships between
variables as a tool for analysing and modelling
change in a range of contexts.

Source: The South Australian Mathematics Curriculum R-10 , Department of Education and Children’s Services, 2004, p. 85
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The appropriate use of technology in each strand is given by examples taken
from Year 5, Year 8 and Year 10 topics, such as the use of spreadsheets in the
Year 8 topics ‘patterns and algebra’ (refer to Table 2.7).
Some of the suggested websites for technology use in mathematics teaching
are:
Fibonacci and the Golden Ratio: www.mcs.surrey.ac.uk
Geometer’s SketchPad: www.keypress.com/sketchpad/sketchdemo.html
Spreadsheets in Education: www.sie.bond.edu.au
Bureau of Meteorology: www.bom.gov.au
Puzzels: www.puzzlemaker.com
Maths300: www.curriculum.edu.au
2.3.3.5

Unique features

The South Australian Mathematics Curriculum does not contain any unique
feature that makes it stand out from that of the other states considered (NSW,
Victoria, Tasmania, Queensland and Western Australia). However, a ‘concept
map’ to explore, analyse and model data was provided to teachers as a visual
representation of the key ideas and outcomes of the strands.
2.3.3.6

ICT opportunities

Learning opportunities in ICT are embedded in topics where technology tools
are appropriate to use. For example in Standard 3 (Year 8), the topic in patterns
and

algebraic

reasoning

provided

opportunities

for

students

to

use

spreadsheets to make a ‘number machine’ to look at rules for linear
expressions. In Standard 5 (Year 10), spreadsheets were used to calculate
incomes based on different modes of payment (refer to Table 2.7).
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2.3.4 Organisation of curriculum: Queensland
The organisation for Queensland mathematics curriculum is identical to the
broad structure of Victoria (Figure 2.2) except for the unique features of the
Victorian system (i.e., the mandatory use of Computer Algebra System (CAS)
software in Years 11 and 12 Mathematics). The mathematics syllabus of
Queensland, Years 1-10 provides a framework for planning learning
experiences and assessment opportunities through which students demonstrate
what they know and can do with what they know (Queensland Studies
Authority, 2007, p.13).
2.3.4.1

Year levels

The core learning outcomes in the Queensland mathematics syllabus, Years 110 are aligned with levels and years. For example, Level 1 constitutes students
with disabilities and in Level 2 are students in Years 1 to 3. The level of learning
outcomes for the strands of the Mathematics key learning areas of the syllabus
are provided in a continuum starting from Level 1 to Level 6 (See Table 2.9).
These outcomes are presented in order of increasing complexity in the study of
core topics such as ‘number’. In addition to the six levels, two levels were
added: Foundation Level and Beyond Level 6. The Foundation Level addresses
students who have learning difficulties and demonstrates understanding before
level one. Beyond Level 6 prepare students to choose their preferred pathways
of learning that are available to them.
2.3.4.2

Strands

The mathematics key learning area of Queensland is divided into five strands:
number, patterns and algebra, measurement, chance and data and space. The
complexity of these strands progresses according to the levels or years
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students study them. The core content of the ‘number’ stand comprised of
number concepts, addition and subtraction, multiplication and division. For the
‘patterns and algebra’ strand, it covers patterns and functions equivalence and
equations. Refer to Table 2.9 for other core learning outcomes of the
measurement, chance and data, and space strands. None-core contents are
those that do not have content topics. They are elements of learning for, about
and through mathematics, like ‘reasoning and working mathematically’.
2.3.4.3

Assessment

Queensland Mathematics Curriculum defines assessment as a purposeful,
systematic and ongoing collection of evidence for use in making judgments
about

students’ demonstration

of

learning outcomes.

In this regard,

Queensland’s mathematics curriculum’s assessment process focused on
monitoring demonstrations of the core learning outcomes that provide evidence
of students’ progress.
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Table 2.9

Levels/years (of core learning outcomes) and Strands of Queensland Mathematics Curriculum
STRANDS

Levels/Years
(Core learning
outcomes)

Number

Patterns and Algebra

Measurement

Chance and Data

Space

Number Concepts,
Addition and Subtraction,
Multiplication and Division

Patterns and Functions
Equivalence and Equations

Length, Mass, Area,
Volume and Time

Chance, Data

Shape and line
Location, direction and
movement

Level 1

(Students with
disabilities )
Level 2 - Years 1-3
Level 3 - Years 4 & 5
Level 4 - Years 6 & 7
Level 5 - Years 8 & 9
Level 6 - End of Year
10

Levels

Sample of ICT Opportunities

1-5

Number: Addition and subtraction. Use of mental calculations, calculators and
computers.

4, 5 & 6

Patterns and Algebra: Use of manual and electronic (calculator and computers)

5

Chance and Data: Use of spreadsheets and computer simulations in probability model

6

Space:. Use of scientific calculators in converting degrees to fractions in locating
direction and movement

The shaded box means sample of strands and levels of opportunities for ICT
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There were no specific examples of how to assess students provided in the
mathematics document of Queensland. However, it provided a process to
assess students. This process involved providing students opportunities to
demonstrate what they know, understand and can do identifying the outcomes
of the syllabus contents.
2.3.4.4

Recommended use of technology

The Queensland system prescribed the use of technology in topics where
appropriate to use, refer to Table 2.9.
2.3.4.5

Unique features

The Queensland Mathematics Curriculum did not specify any unique feature
that makes it stand out from the other states considered here (NSW, Victoria,
Tasmania, South Australia and Western Australia). However, there was an
emphasis on ‘learning’. The Queensland Mathematics Curriculum explicitly
mentioned the use of ‘cognitive learning’, ‘social and emotional learning’, and
‘physical learning’ in the teaching approaches to learning mathematics. There
was also special mention of a ‘learner-centred approach’. A learner-centred
approach to learning and teaching considers that learning is an active
construction of meaning, and views teaching as the act of guiding, scaffolding
and facilitating learning by providing optimal challenging experiences
(Queensland Studies Authority, 2007, p.10). In the mathematics key learning
area of Queensland, students’ mathematical knowledge is developed through
meaningful open-ended investigations.
2.3.4.6

ICT opportunities

One of the learning outcomes specified by the Queensland mathematics
curriculum is to pose and solve mathematical problems using a variety of
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information

gathering,

processing

and

management

techniques

and

technologies. To address the use of technology in the levels of developing
outcomes, Table 2.9 shows examples of its use in topics appropriate for
inclusion for example in number, patterns and algebra, chance and data,
measurement and space strands.
2.3.5 Organisation of Curriculum: Western Australia
The organisation of the mathematics curriculum for Western Australia includes:
scope of the curriculum or year levels, mathematics learning area outcomes,
assessment and use of technology. It is the identical to the broad structures for
Tasmania, except that the system for the Western Australia, a strand is called
‘mathematics learning area outcomes.’
2.3.5.1

Year levels

The core learning outcomes in Western Australia mathematics syllabus, Years
K-12 are aligned with years. They are under the headings of: Early Childhood
(Kindergarten to Year 3), Middle Childhood (Years 3 to 7), Early Adolescence
(Years 7to 10) and Late Adolescence (Years 10 to 12). Refer to Table 2.10.
2.3.5.2

Strands

Strands in the Western Australia mathematics syllabus are called ‘mathematics
learning area outcomes’. They are: number, measurement, chance and data,
space and algebra. The complexity of these strands progresses according to
the levels or years students study them. The core content of the ‘number’ stand
comprised of number concepts, addition and subtraction, multiplication and
division. Students are required to choose and use mental, paper and calculator
for computational strategies for each operation. Refer to Table 2.10 for
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the other core contents of the measurement, chance and data, space and
algebra strands. The none-core contents, ‘appreciating mathematics’ and
‘working mathematically’ are embedded in all core contents. The mathematics
syllabus of Western Australia, Years K-12 provides a framework for planning
learning experiences and assessment opportunities through which students
demonstrate ‘what they know’ and ‘can do with what they know’ (Mathematics
Learning Area Statement, Western Australia Curriculum Framework, 1998).
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Table 2.10

Years and ‘mathematics learning area outcomes’ of Western Australia Mathematics Curriculum
MATHEMATICS LEARNING AREA OUTCOMES

Years
(Scope of the
Curriculum)

Early
Childhood
(Kindergarten
to Year 3 )

Middle
Childhood
(Years 3 to 7)

Number

Measurement

Chance and Data

Space

Algebra

Number Concepts,
Addition and Subtraction,
Multiplication and Division.
All students choose and
use mental, paper and
calculator computational
strategies for each
operation.

Students carry out
measurement of length,
capacity/volume, mass,
area, time and angle. All
students are required to:
select, interpret and
combine measurements
and formulae; make
sensible estimation of
quantities of
measurement.

Students are expected to:
understand and use the
everyday language of
chance; plan, summarise,
locate, interpret, analsze
and draw conclusions
from data collected.

Students are given the
opportunity to visualise,
draw and model shapes;
reason about shapes,
transformations and
arrangements to solve
problems and justify
solutions.

Students are expected to
recognise, describe the
nature of variations in
situations; read, write and
understand the meaning of
symbolic expressions, like 2a
+3b; write equations and
inequalities.

Learn how to read, write
and say whole numbers
and use them to count,
order and combine.

Focus on attributes of
objects and evens such
as length, mass,
capacity, area and time.

Carry out experiments
which involve chance and
processes, like selecting
red jelly beans from a
bowl with their eyes
closed.

Handle objects, like plane
shapes and solid shapes;
carry out changes to the
shape, size and position of
objects.

Focus on general
relationships between
operations like’

At this stage, students are
expected to learn how to
read and write different
representations of
number: whole numbers,
fractions, decimals and
percentages; use
diagrams, materials and
calculators.

Develop a feel for the
size of millimeters,
centimeters, metres ,
cubic units for
measuring shapes.

Plan and carry out
investigations which
involve chance
processes, like tossing a
coin and selecting
different coloured marbles
from a container.

Investigate the relationship
between three-dimensional
shapes and their twodimensional nets.

Students are expected to use
a computer program which
provides questions such as
__ - 236 = 317.

__ - 4 = 5, then __= 5+4.
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Early
Adolescence
(Years 7 to
10)

Late
Adolescence
(Years 10 to
12)

At this stage, the students
are given the opportunity
to use computers and
calculating technology .

Students learn
mensuration formulae,
Pythagoras Theorem,
rates, similarity and
scale.

Students learn
representations of data
like mean, median ,
mode, histograms, line
graphs, box plots, scatter
plots and lines of best fit.
The use of calculator is
recommended.

The use of Computer Aid
Design (CAD) software is
recommended for students
to examine two and threedimensional geometric
shapes

All students at this stage are
expected to solve equations
simultaneously and quadratic
equations analytically.

Students at this level have
the opportunity to use
calculators and
computers.

The use of calculators
are recommended for all
students.

The use of spreadsheets
are recommended for
student to use.

The use of computer
packages are
recommended for students
to use.

The use of spreadsheets,
and computational strategies
for solving equations and
appropriate technologies are
recommended for students to
use.

The shaded box means have opportunities for ICT
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2.3.5.3

Assessment

The curriculum in Western Australia provides criteria as an assessment guide
for teachers. It was stated in the curriculum that for assessments to be valid,
educative, explicit, fair and comprehensive teachers should assess their
students from what students know (for example students should know when or
where to use fundamental operations in multiplication, subtraction, addition and
division). The assessment procedure also specified positive contribution for
student learning, like students are given the opportunity to think and provide
feedback to teachers whether they understood the concept being taught to
them. The teachers are required to write assessment tasks/tests/assignments
with clear and explicit criteria. Specific examples were provided for teachers in
the curriculum as guides for setting out assessments. For example the students
were asked to decide whether the left
hand side is larger than (>) or less than (<) or equal to (=) the right hand side in
by filling in the space for 246

1.3_______246 (Mathematics Learning Area

Statement, Western Australia Curriculum Framework, 1998, p. 211).
2.3.5.4

Recommended use of technology

The system in Western Australian prescribes the use of technology in topics
where appropriate to use, refer to Table 2.10.
2.3.5.5

Unique features

A unique feature of the Western Australia mathematics curriculum is that it is
linked across the curriculum, i.e., numeracy was embedded in subjects like the
arts, science, English, technology and enterprise, society and environment and
health and physical education.
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2.3.5.6

ICT opportunities

The system in Western Australian welcomes the impact of computing
technologies in education. As a result, all students in the ‘early childhood,
middle childhood, early adolescence and late adolescence’ are given the
opportunities to select, use and adapt technologies in the mathematics learning
area outcomes. Specifically, late adolescence (Years 10 to 12) use calculators,
spreadsheets, computer packages and computers as tools for mathematics
problems in all the mathematics learning area outcomes (strands).
2.3.6 Technology initiatives in New South Wales
A greater focus is placed on the NSW curriculum in this chapter as NSW was
the site for data collection in the current study. Changes in the mathematics
curriculum in New South Wales (NSW) from the non use of technology in
teaching to the integration of technology (computers, software packages and
the Internet) have been influenced by the technology policies. The time-line
influencing the integration of technology in teaching secondary mathematics is
presented in Figure 2.4 for years 1996-2011.

Figure 2.4

Time-line of technology initiatives in NSW influencing the
development of mathematics curriculum
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A more detailed overview of the technology initiatives is presented in Table
2.11. When the New South Wales Government’s Computers in Schools Policy
was introduced in 1996 the use of computers was mandated for all government
and non-government schools. The 1996 policy detailed a comprehensive fouryear strategy for improving learning outcomes of all students in all key learning
areas from K-12 using computer-based technologies. As a result of the 1996
policy all public, primary and secondary schools were connected to the Internet
(Policy Document, Connecting all NSW Government Schools to the Internet,
1996, p.3).
One of the strategies specified in the 1996 policy ‘New South Wales
Government’s Computers in Schools Policy’ was the training and development
of teachers in the use of computer in all key learning areas. The NSWDET
reported in January 1997 on the implementation of a professional development
program in the use of technology. This was the Technology in Learning and
Teaching program (TILT): Powerful Tools to Enhance Teaching and Learning
(NSW Department of Education and Training Annual Report 2000, p. 35). This
was the first phase of the technology initiative. It provided for technology
training for every school in the NSWDET. Participating teachers were released
for three days from their school to attend training workshops in specified
locations/schools run by the NSWDET, Training and Development Directorate
in conjunction with the school districts’ technology consultants. There was no
report of the number of teachers who attended the training workshops. It was
not compulsory for teachers to attend the training. Only those who were willing
to do so received training. The number of teachers who attended training was
recorded in the school districts, but was not made public. The TILT program

P a g e | 72

Table 2.11

Policy documents and ICT initiatives in the mathematics curriculum
of NSW

Source of Policy
1996: New South
Wales Government’s
Computers in
Schools Policy (1996
policy)

ICT Initiatives in New South Wales
The 1996 policy detailed a comprehensive four-year
strategy for improving learning outcomes of all
students in all key learning areas from K-12 using
computer-based technologies.

The TILT program catered for teachers in general,
1997: New South
and were not specifically designed for mathematics
Wales Department of teachers. The aims of the program included:
Education and
improving keyboard skills; to use a word processor to
Training , Teaching
produce a simple document including saving,
and Learning with
retrieving and printing; use of a digital camera;
Technology (TILT)
purchasing and using software in school; use of
basic training
multimedia software; preparing journals and
program in computers newsletters using a computer; Internet use-email and
computer databases.
1997: Computer
Based Technologies
This document on mathematics teaching using
in the Mathematics
computer technology provided to high schools in
KLA Policy
December 1997 (Curriculum Support Directorate,
Document, New
NSWDET, 1997). It provided mathematics teachers
South Wales
with practical curriculum support for the effective
Department of
integration of computer-based technologies in
Education and
teaching and learning.
Training
1998-1999:
This was the second phase of training, TILT PLUS
Advanced Training of
that trained teachers in advanced use of computers.
Teachers, Teaching
Teachers were trained in advanced and specialist
and Learning with
computer skills as part of the TILT PLUS program
Technology (TILT)
The K-10 Mathematics Curriculum (Board of Studies
NSW, 2002, p. 1) was released October 2002 by the
2002: Mathematics
Board of Studies of New South Wales for
Years 7-10 Syllabus
implementation in 2003 up to 2011.The aim is to
Document, Board of
develop students’ mathematical thinking,
Studies, New South
understanding, competence and confidence in the
Wales
application of mathematics, their creativity, enjoyment
and appreciation of the subject, and their
engagement in lifelong learning.
2011: National
This is a new development while the thesis data is
Australian
being analysed and written. Mathematics KLA is
Mathematics
currently in consultation process, Mathematics Year
Curriculum
K-10 Draft Australian Document, NSW, Board of
Implementation.
Studies(accessed date 23/05/2011)
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catered for teachers in general, and was not specifically designed for
mathematics teachers.
In response to the initiatives of the 1996 New South Wales Government’s
Computers in Schools Policy, a document on using computer technology in
mathematics was provided to high schools in December 1997 (Curriculum
Support Directorate, NSWDET, 1997). Practical support was provided to
mathematics teachers in lesson preparation using computers. The practical
support was in the form of ‘snapshots’. Within the snapshots there are
examples of software applications, models of management, approaches to
teaching and learning, programming and specific activities related to a range of
topics in mathematics. The snapshots provided an overview of possible lesson
structures, for example in topic like ‘interpreting graphs’, students used a
software package to represent data in a variety of forms, including column
graphs, bar graphs, pie graphs and picture graphs.
From my personal perspective, having taught both as a mathematics and as a
computing teacher in NSWDET secondary schools (three districts and eight
secondary schools), the 1997 policy document was unsuccessful because there
were no clear teacher training initiatives for mathematics teachers to use
technology in the classroom. The policy document was left sitting on the head
teachers’ desks. Only teachers who saw the potential of using technology in
mathematics teaching and learning took the initiative to train themselves. To
further develop their skills in using mathematics computer software, teachers
attended conferences in their own time offered by private organisations such as
the

NSW

Computer

Education

Group

(NSWCEG),

the

Mathematical
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Association of New South Wales (MANSW) and the Australian Association of
Mathematics Teachers (AAMT).
In the second phase of training, TILT PLUS teachers were trained in the
advanced use of computers.
Teachers were trained in advanced and specialist computer skills as part
of the TILT PLUS program. A new computer training program TILT 7 and
8 was developed to train teachers in computer skills related to hardware
and networking. A total of 42 teachers in 10 districts completed this
program in the second half of the year. The pilot programs for TILT were
evaluated, refined, and trialed with 948 participants in 18 districts. Pilot
and trial programs for the other KLA’s will be established in 2001. An
additional 3,000 teachers were trained in an expanded TILT program.
7,000 more teachers will be trained over the next three years. TILT was
redesigned as an interactive CD-ROM including videos and workshop
materials and resources. The TILT interactive CD-ROM is currently used
by 1,000 participants to date (New South Wales Department of
Education and Training Annual Report 2000, p. 63).
In June 2002 a total of 11, 250 additional computers were provided to 1, 462
government schools. The following areas received computer hardware:
Northern NSW (655), The Hunter Region [Central Mid North Coast and Mid
North Coast (2, 194)], Greater Sydney and the Blue Mountains (5, 898),
Illawarra and Southern NSW (1, 537) and the Central and Western New South
Wale (968) [https://www.det.nsw.edu], date accessed, 22 October, 2007].
It took five years (1997-2002) for NSW to develop a syllabus in which
technology was embedded as a response to the 1996 policy on computers in
schools. The K-10 Mathematics Curriculum (Board of Studies NSW, 2002, p. 1)
was released October 2002 by the Board of Studies of NSW for implementation
in 2003 up to 2011.
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2.3.6.1

Organisation of Curriculum: New South Wales

The broad organisation of the NSW mathematics curriculum is identical to that
for Victoria including: stages/pathways, strands, assessment and use of
technology (refer to Figure 2.2).
The aim of NSW Mathematics Curriculum 7-10 is to develop students’
mathematical thinking, understanding, competence and confidence in the
application of mathematics, their creativity, enjoyment and appreciation of the
subject, and their engagement in lifelong learning (Board of Studies, NSW,
Mathematics Years 7-10 Syllabus, Stage 2 to Stage 5 Outcomes, 2002, p.11).
The syllabus also sets the target of ensuring that students gain appropriate ICT
skills through the appropriate selection of technology such as spreadsheets, the
Internet and geometry software.
In general the mathematics curriculum 7-10 provided key competencies to
enhance learning such as: collecting, analysing and organising information,
communicating ideas and information, planning and organising activities,
working with others in teams, using mathematical ideas and techniques, solving
problems and using technology (Board of Studies, NSW, Mathematics Years 710 Syllabus, Stage 2 to Stage 5 Outcomes, 2002, p. 4).
2.3.6.2

Stages/pathways

The Mathematics Curriculum of NSW is categorised into ‘stages’ and ‘pathways
of learning’. Pathways describe how students can move between stages. These
stages are: Early Stage 1 to Stage 3, Stage 4, Stage 5.1, Stage 5.2 and Stage
5.3 (refer to Figure 2.5).
2.3.6.3

Strands
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Strands are used as organisers of mathematical outcomes and contents to
assist teachers with planning, programming, assessment and reporting. The
Mathematics K-10 syllabus of NSW is structured into five content strands:
number, patterns and algebra, data, measurement, and space and geometry
(refer to Table 2.12). The topics in the ‘number’ strand vary depending on the
pathways or age/year the students wish to study. For example, in the early
stage, students learn the basic skills related to the study of ‘number’, whereas in
Stage 5.3, real numbers can be studied by students following the 5.2 pathway
who are intending to study Stage 6 (Mathematics Extension 1 for Years 11 to
12). See Table 2.12.
2.3.6.4

Assessment

As a result of the implementation of the Mathematics Curriculum of NSW, the
use of spreadsheets in Year 9-10 Mathematics became mandatory and the
testing of Year 10’s computer knowledge and skills was introduced in 2005. In
Years 7-10, assessment is mostly through class tests, term tests, half-yearly
and yearly examinations testing the knowledge of students in all mathematics
content prescribed by the syllabus rather than through demonstration in the use
of technology.
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Figure 2.5

NSW mathematics curriculum pathways to learning
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Table 2.12

Stages/pathways and strands of NSW mathematics curriculum
STRANDS

Stages/Pathways

Number

Patterns and Algebra

Data

Measurement

Space and
Geometry

Data

Length, Area,
Volume and
Capacity, Mass ,
Time

Three-dimensional
Space
Two-dimensional
space
Position

Patterns and
Algebraic
Techniques
Linear Relationships

Data
Representation
Data Analysis
and Evaluation

Perimeter and Area
Surface Area and
Volume
Time

Properties of Solids
Angles
Properties of
Geometrical
Figures

Algebraic
Techniques
Coordinate
Geometry

Data
Representation
and Analysis

Perimeter and Area
Trigonometry

Properties of Solids
Angles
Properties of
Geometrical
Figures

Early Stage 1 to Stage 3
(Kindergarten to Year 6)

Whole numbers, Addition and
Subtraction, Multiplication and Division,
Fractions and Decimals and Chance

Patterns and Algebra

Stage 4
(Years 7-8)

Operations with whole numbers,
Integers, Fractions, Decimal and
Percentages, and Probability

Stage 5.1
(Years 9 & 10)

Rational Numbers
Consumer Arithmetic
Probability
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Stage 5.2
(Years 9 & 10)

Stage 5.3
(Years 9 & 10)

Rational Numbers
Consumer Arithmetic

*Real Numbers
Probability

Algebraic Techniques
Coordinate Geometry
Graphs of Physical Phenomena
*Algebraic
Techniques
*Coordinate
Geometry
Graphs of Physical
Phenomena
**Curve Sketching and
**Polynomials
Functions and
Logarithms

Data Analysis and
Evaluation
Data Analysis and
Evaluation

Perimeter and Area
Surface Area and
Volume
Trigonometry
Surface Area and
Volume
*Trigonometry

Properties of Geometrical
Figures

*Deductive Geometry
**Circle Geometry

*recommended topics for students who are following the 5.2 pathway but intend to study the Stage 6 Mathematics course
**optional topics as further preparation for the Mathematics Extension courses in Stage 6
Stages
5.2

5.2

5.3

5.3

The shaded box means sample of strands and levels of opportunities for ICT

Sample of ICT Opportunities
Number: Internet sites may be used to find commercial
rates for home loans and ‘home loan calculators’
involving consumer arithmetic problems.
Patterns and Algebra: the use of graphics calculator
and spreadsheets to solve simultaneous linear
equations to find point of intersection.
Data: use of spreadsheets, databases, statistics
packages or other technology to analyse, collect data,
present graphical displays.
Space and Geometry: sketching, comparing and
describing the key features of simple exponential curves
using graphics calculator or a computer graphing
package.

P a g e | 80

2.3.6.5

Recommended use of technology

Examples of how to integrate technology are provided by the policy document
of the NSW mathematics curriculum (see Table 2.12 for examples). The
mathematics syllabus further emphasized that:
In order to achieve the outcomes of the syllabus, students will need to
learn about the use of appropriate technologies (like spreadsheets,
Winplot, statistical packages and geometry software and the Internet) to
develop the key competencies using technology. It is important for
students to determine the purpose of technology, when and how to apply
the technology, and to evaluate the effectiveness of its application, or
whether it is use inappropriate or even counter-productive. Computer
software as well as graphics calculators can be used to facilitate teaching
and learning (Board of Studies, NSW, 2002, p.10).
The use of computer technology is flexible and used where appropriate.
Teachers are encouraged to use technology in many strands and topics and in
the other stages. The entries in Table 2.13 exemplify how it is suggested to use
technology in topics where it is appropriate to use it, in this case topics in
patterns and algebra, and data.
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Table 2.13

Suggested ways of integrating technology in mathematics strands.

Strand

Stage 5.1

Patterns
and Algebra

Data

Stage 5.2
Topic: Algebra Techniques. Graphics
calculators and computer graphing
programs are recommended to use for solving
equations simultaneously (p. 91)

Topic: Probability. This
topic links with relative
frequency in the ‘data’
strand. Software
programs could be used
for simulation experiments
to demonstrate that the
relative frequency gets
closer and closer to the
theoretical probability as
the number of trial
increases (p. 75).

Space and
Geometry

Topic: Data Analysis and Evaluation. The use of
technology such as the computer software and
graphics calculators enables ‘what if’
questions to be asked and explored, for
example what happens to the standard
deviation if a score of zero is added, or if 3 is
added to each score, or if each score is
doubled? (p.117)

Topic: Coordinate Geometry. Graphics
calculators and various computer programs like
spreadsheets can be used to facilitate the
investigation of the shapes of curves and the
effect on the equation of multiplying by, or
adding, a constant (p. 101)

*recommended topics for students who are following the 5.2 pathway but intend to study the
Stage 6 Mathematics

2.3.6.6

Unique features

One unique feature of the NSW curriculum was that sample lessons with the
use of technology software were incorporated in the document. For example, a
lesson in solving simultaneous equations can be performed by using a
spreadsheet or the WinPlot program to plot points of line A and line B such as
to produce the lines and hence to show the point of intersection. (Refer to Table
2.14).
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Table 2.14

Sample strand (Algebra) of the NSW Mathematics Curriculum K-10
in the use of computer technology.

Topic: Algebraic Techniques

Stage 5.2

PASS5.2.2

Key Ideas

Solves linear and simple quadratic
equations, solve linear inequalities
and solve simultaneous equations
using graphical and analytical
methods.

Solve simultaneous equations using graphical and analytical
methods of simple examples.

Knowledge and Skills
Students learn about

Working Mathematically
Students learn to

solving simultaneous
equations using nonalgebraic methods such as
‘guess and check’, setting
up tables of values looking
for patterns

use graphics calculator and spreadsheet software to
plot pairs of lines and read off the point of intersection

solving linear simultaneous
equations by finding the
point of intersection of their
graphs

(Applying Strategies, Communicating)

(Applying Strategies)
solve linear simultaneous equations resulting from
problems and interpret the results

solving simple linear
equations using analytical
method, for example solve
the following:
3a + b = 17
2a – b = 8
generating simultaneous
equation from simple word
problems
Background Information

Graphics calculators and computer
graphing programs like WinPlot
Program enable students to graph
two linear equations and display the
coordinates of the point of
intersection. The sample work
produced by using WinPlot solving
simultaneous equations that shows
the point of intersection is shown
across. For example, solving the
equations y = 3x and y = 3 - 2x and
show the point of intersection.

Source: (Computer-Based technologies in Mathematics KLA,
NSW DET Directorate, 1997, p. 69)

Source: Board of Studies, New South Wales, 2002, p.91
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2.3.6.7

ICT opportunities

The NSW Mathematics Curriculum Policy document emphasized that a range of
opportunities existed within the teaching and learning of mathematics to utilise
ICT in topics in mathematics. Accordingly, ICT was mandated for use in
appropriate topics, with recommendations provided. For example, spreadsheets
were recommended for activities related to tabulating and graphing data in the
patterns, algebra and data strands. Similarly, graphics calculators were
recommended for many applications including the exploration of data sets and
the investigation of curves. Dynamic software packages, random number
generators and data loggers were also recommended for use in mathematics
teaching (Board of Studies, NSW, 2002, p. 9). The use of computer technology
is flexible and is to be used where appropriate. A sample of ICT opportunities in
relation to stages and strands was presented in Table 2.12.
2.4

New development: National Australian mathematics curriculum

Since the conduct of the survey (2005 and 2006) and the analysis (2007 and
2008) of the data there have been new developments in ‘technology’ and
‘curriculum’ in national perspective. These include:
In December 6, 2007, the Federal Education Minister, Julia Gillard
announced that every Australian secondary student in Year 9 to 12 would
have access to computers and other information technology resources
after the Government’s Digital Education Revolution policy was approved
by cabinet. This is the national computers policy called ‘Computers in
Australian

Schools’.

Stated

in

the

media

release

document

(http://www.deewr.gov.au) secondary schools were able to apply for
funding from March 2008 and this allowed each school to apply for up to
$1 million according to the number of enrollments.
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New curriculum documents were released for consultation over the period
November 2008 to February 2009. These included the framing of the
National Curriculum, the ‘National Mathematics Curriculum’ by the
National Curriculum Board (2008). The ‘National Mathematics Curriculum:
Framing paper’ proposed broad directions for what teachers should teach
and young people should learn in the national mathematics curriculum
from Kindergarten to Year 12 (National Curriculum Board 2008, p. i). As
revealed in this chapter the Mathematics Curricula in Australian states had
common themes or strands, typically containing five or six strands such
as, number, algebra, chance and data, space and measurement. It is
proposed in the new ‘national curriculum’ to group the contents into three
strands (See Figure 2.1 earlier): number and algebra, measurement and
geometry, and statistics and probability.
The role of ‘digital technologies’ is mandatory and therefore important in the
structure of the new national mathematics curriculum. Digital technologies are
embedded in topics where they are appropriate to use and are not ‘optional
extras’. The curriculum also emphasized that:
The continuing evolution of digital technologies has progressively
changed the work of mathematician and school mathematics, and the
curriculum must continue to adapt. Digital technologies are now more
powerful, accessible and pervasive. For example, modern mathematical
technologies like hand-held devices or computer software support
numerical,

statistical,

graphical,

symbolic,

geometric

and

text

functionalities. These maybe used separately or in combination…These
approaches allow greater attention to meaning, transfer, connections and
applications (National Curriculum Board, 2008, p. 9).
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Two important changes emerged from the National Mathematics Curriculum:
the merging of the course of studies or strands from five to three, and the need
to adapt to the changing nature of society in the use of digital technologies.
Mathematics teachers/educators have no choice but to keep up with these
changes, therefore, they should integrate the use of technologies in their
teaching or lessons (where appropriate to use) to prepare young people in life.
2.5

Conclusion

The mathematics curriculum of states considered here, Victoria, Tasmania,
South

Australia,

Queensland,

Western

Australia

and

NSW,

strongly

emphasized the use of technology in topics where technology tools are
appropriate to use. In this thesis ‘curriculum mandate’ to use technology is
considered to be the ‘normative beliefs’ presented in the model, Figure 1.3 of
Chapter 1.
The new development during the process of writing this thesis, is the
emergence of the Australian Mathematics Curriculum which is under
consultation over the period 2008-2011 and is due to be implemented by 2013
by all states and territories for Years 7-10, and 2015 for Years 11-12. It has
clearly indicated that in the curriculum digital technologies are embedded in
topics where they are appropriate to use and are not ‘optional extras’. This
means that the new curriculum also acknowledges the need for integrating
technology, where appropriate in mathematics teaching.

P a g e | 86

Chapter 3
Beliefs, knowledge and the use of ICT
The teacher’s values, beliefs and attitudes to learning could be as important in
the learning process as the material being taught (Blakemore & Frith, 2005, p.
163).
3.1

Introduction

The literature review in this chapter examines two broad areas, beliefs and
knowledge/ professional development relating to the use of Information and
Communications Technology (ICT) in mathematics teaching and learning.
Beliefs and attitudes are combined together based on the theory of Ajzen and
Fishbein (1980) that attitudes are considered to be a function of beliefs, as
discussed in Chapter 1.
Bem (1970) reported that many of our beliefs are a product of direct experience,
with beliefs and values potentially influential factors that shape a person’s
notion about the world around them. Ajzen and Fishbein (1980) proposed the
‘theory of reasoned action’ based on attitudes, values, intentions, beliefs and
behaviour. According to the theory of reasoned action a person’s intention is a
function of two determinants, one personal in nature and the other reflecting
social influence. The personal factor is the individual’s positive or negative
evaluation of performing the behaviour; this factor is termed attitude toward the
behaviour. It refers to the person’s judgment that performing the behavior is
good or bad, that they are in favour or against performing the behaviour (Ajzen
& Fishbein, 1980).
Several authors have studied the influence of beliefs, attitudes, values, and
intentions upon behaviour. These studies include: religious beliefs and how
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people portray themselves (McKay, 1990); positive other-evaluative beliefs and
how people provide care-giving (Wearden et al, 2008); doctors’ treatment of
obesity according to their beliefs about causes (Ogden and Flanagan, 2008);
positive beliefs on medical treatment who suffered from depression (Prins et al,
2008); beliefs were positively related to obsessive-compulsive disorder (o-c)
(Myers et al, 2008); metacognitive beliefs that shaped pre-sleep cognition for
people who suffer insomnia (Waine et al, 2008). For more details regarding
studies linking attitudes/beliefs to behaviour, refer to Table 3.1.
Studies in beliefs are not only limited to health. Several authors have studied
beliefs and education. These studies include, (refer to Table 3.2).
1.

Education beliefs in general, such as education in countries: Japan
(Nishino, 2008); Philippines, Singapore and Malaysia (Malaki et al, 2009)
and Greece (Kalyva et al, 2007);

2.

Beliefs and higher education (Nortcote, 2009);

3.

Beliefs and secondary education (Khonamri and Salimi, 2010);

4.

Beliefs and primary education (Hermans et al, 2008);

5.

Teachers’ beliefs about statistics education (Pierce and Chick, 2008);

and more specifically,
6.

Beliefs and attitudes of teachers in mathematics education (Rolka et al,
2006).
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Table 3.1

Studies linking beliefs and attitudes to behaviour

Authors

Concepts/theories/studies of beliefs, attitudes, values, intentions and behaviour-in general

McKay (1990)

Beliefs such as religious beliefs is a form of dominant belief system that forms the basis how people act and portray themselves. For instance, McKay (1990) argued
that one of the most enduring debates in social science concerns the relationship between the public’s beliefs and values and political authority. Political culture
therefore embraces the dominant pattern of beliefs and values, which are acquired and modified.

Lusher & Robins (2007)

Perceived beliefs are people’s understandings of the general attitudes held by other people in their social world, providing important cues and information about how
that world operates, and of one’s place within it. An individual’s perceptions are distinct from personal attitudes, and reflect understandings that incorporate cultural
rules and social norms.

Prins et al (2008)

Investigated patients’ illness representations and beliefs about treatment for depression and anxiety, as well as their perceived needs which are important for
treatment. People who suffer from depression have more positive beliefs about biological etiology and medication treatment than healthy people, or those with less
severe depressive symptoms. Cultural background can have a strong influence on health perceptions and help seeking behaviour. Illness representations and health
beliefs are very important in health behaviour, the utilisation of health services, and outcomes.

Myers et al (2008)

Developed an Obsessive Belief Questionnaire to measure beliefs considered important in the development of obsessive-compulsive (o-c) disorder. Exploratory
analyses of predictors of obsessive-compulsive symptom subtypes showed that metacognition and perfectionism contributed to different symptom domains. The
emergence of metacognitive factor, importance/control thoughts, as well as non-metacognitive factors in their study, allowed the authors to test the relative
contributions of metacognitions and other belief domains to o-c symptoms. Results of this study confirmed that a range of beliefs are positively related to o-c symptoms
as predicted by cognitive theories.

Waine et al (2008)

Investigated the presence of metacognitive beliefs in primary insomnia. Patients with primary insomnia often experience intrusive, worrisome cognitive activity in the
pre-sleep period. Metacognitive beliefs may explain this, yet no valid scale exists. Psychometric data indicates primary insomniac patients score significantly higher
than normal sleepers. A range of metacognitive beliefs is thought to shape pre-sleep cognition in primary insomnia.

Ogden & Flanagan (2008)

Investigated the beliefs about the causes and solutions to obesity. They found out that GPs generally believed that obesity is caused by psychological and behavioural
factors and are ambivalent about the effectiveness of the majority of available solutions. The study provides some evidence for the origins of such beliefs about
solutions and indicates consistency between GPs beliefs about solutions and causes. For example, GPs endorse a medical solution if they believe obesity is caused by
biological factors and endorse policy change as a solution if they believe it is caused by social factors.

Wearden et al (2008)

Investigated whether parental care-giving and attachment representations were associated with self and other evaluative core beliefs that are implicated in cognitive
models of psychopathology. Warm and responsive parenting was correlated with positive self and other evaluative core beliefs The findings have implication to
understanding psychopathology (the scientific study of mental disorders) and therapeutic relationships. Positive other-evaluative beliefs were associated with warm and
responsive care-giving, particularly by fathers and particularly for males, possibly suggesting that different influences are important in the development of positive or
negative core beliefs about others.
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Table 3.2

Studies in education linking beliefs and attitudes to behaviour

Beliefs and Education

Studies in education linking to beliefs, attitudes, intentions and behaviour

Education in general such as studies in
Japan (Nishino, 2008);

Nishimo (2008) investigated Japanese teachers’ beliefs and practices in regards to communicative language teaching (CLT) in their
classrooms that included 21 secondary school teachers. Results of the survey showed that beliefs impacted on teachers’ needs to
change classroom conditions, like extending time for class hours and small class sizes to teach CLT.

Philippines, Singapore and Malaysia
(Malaki et al, 2009)

Greece (Kalyva et al, 2008)

Malaki et al (2009) investigated the effect of Asian values and epistemological beliefs (ie., personal beliefs about the nature and
knowledge of learning) to education values. The study included Asia learners such as Filipinos (n = 221); Singaporean (n = 182) and
Malaysian (n = 160) students. Among Asian communities (Philippines, Singapore, Malaysia and China), they value the importance of
education. Values play important role in the beliefs of students to perform well in school. These values (Asian values) include: diligence,
collectivism (Asian cultures see individuals as a part or member of a group), conformity to norms (conforming to familial and social
expectations), respect for authority figures (special regard for those who hold authority like teachers and police), emotional restraint
(control one’s emotion or self-discipline), filial piety (obedience towards parents and authority) and humility. Results of the study showed
that Asian values significantly predicted valuing education, but not epistemological beliefs.

Kalyva et al (2008) investigated the attitudes of 72 Serbian teachers towards the inclusion of children with Special Education Needs
(SEN) in mainstream schools. It was found that teachers who did not have experience teaching students with special needs showed
slightly negative attitudes towards the inclusion of students with special need. Teachers who experience teaching students with special
needs showed positive attitudes.

Higher Education (Northcote, 2009)

Northcote (2009) investigated the educational beliefs of five university teachers and one hundred students in tutorial classes. The
students were enrolled in undergraduate courses: teacher education courses (n = 3 tutorial classes), computer science course (n = 1
tutorial class), multimedia course (n = 1 tutorial class), and postgraduate class (n =1 tutorial class). Results of the study challenged some
of the perceptions about cognitive nature teaching and learning. The impact of academic contents on teachers and students’ beliefs were
also questioned. To this effect the author put forward sets of questions for further research in designing higher education courses.
However, in the case of teacher education course, the study showed evidence that linked to the beliefs about teaching practices (teaching
strategies, preparation methods, course design considerations, face-to-face considerations and assessment techniques) and students’
learning practices (study strategies, motivational issues, assignment completion, research techniques and learning activities).

Secondary Education (Khonamri &
Salimi, 2010)

In Iran, Khonamri & Salami (2010) investigated the effect of high school teachers’ beliefs and instructional practices to teaching reading
strategies. The teachers taught English teaching as a Foreign Language (EFL). Findings of the study indicated the teachers’ believed that
reading strategies played an important role in reading comprehension of students. The teachers also believed that metacognitive
strategies are the most important while linguistic category is the least important in reading comprehension of students.
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Primary Education (Hermans et al,
2008)

In Germany, Hermans et al (2008) investigated the impact of teachers’ educational beliefs in the adoption of computer use in the
classroom. The samples included 525 primary school teachers. A multilevel modeling technique was used to predict computer use in the
classroom using four independent variables: (1) teachers; beliefs (constructivist and traditional views), (2) teacher demographics (like
gender and teacher’s age), (3) computer experience and supportive use of computers, (4) computer attitudes. Results of the study
showed that teachers’ beliefs about teaching practice significantly predicted the adoption of computer use in the classroom. Specifically, a
constructivist view of teaching was the best predictor of computer use. This implied that teachers with a strong constructivist orientation
are more likely to use computers in the classroom. Teachers with traditional beliefs did not impact in the adoption of computer use. The
other factors, gender, computer experience and general computer attitude also significantly contributed to the use of computers in the
classroom.

Statistics Education (Pierce &Chick,
2011)

In Australia, Pierce & Chick (2011) compiled studies about teachers’ beliefs and views about statistics education. They specifically
focused on content-focused beliefs about statistics including its relationship with mathematics, and its place in the mathematics
curriculum. They included several studies on: (1) teachers’ beliefs about statistics, as a discipline and curriculum issues (2) teachers’
beliefs about teaching and learning of statistics and (3) influences on and impacts of teachers’ beliefs. Some of the findings of the studies
included in their book were: teachers/pre-service teachers believed that statistics was a part of mathematics but in order to understand
statistics, a thorough knowledge of mathematical content is not necessary; teachers’ beliefs about statistics education were related to
their prior experiences about statistics; the investigation of German secondary school teachers’ beliefs about teaching and learning
resulted in the four types of beliefs teachers’ held as: traditionalists, application preparers (teachers taught mathematical theory to solve
problems in the real world), everyday life preparers (teachers taught applications of statistics in real life) and structuralists ( teachers
examined the application of statistics but do not prepare students to deal with problems).

Mathematics Education (Rolka et al,
2006)

In Germany, Rolka & Liljedahl (2006) studied the impact of preservice teachers’ beliefs about what mathematics is, and what it means to
teach and learn mathematics on the effectiveness of a methods course designed around problem solving. The sample included 39
students who were enrolled in Designs for Learning Elementary Mathematics course. Results of the study showed that the preservice
teachers changed their beliefs from a traditional belief to a ‘process aspect’ belief. The process aspect belief is similar to constructivist
view of learning. In the ‘process aspect’ belief, mathematics is seen as a construction of mathematical activity that involved creating steps
or set of rules to solve mathematics problems.
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The researchers seek to examine a common view that a person’s beliefs
influence their behaviour. Based on these studies it seems that beliefs and
attitudes could influence the behaviour of mathematics teachers in their use
ICT.
Section 3.2 provides a discussion about ‘beliefs’ and the relationship of
‘mathematics teachers’ beliefs to the use of technology in the classroom.
3.2

Beliefs

Belief is defined as: a person’s religion; a religious conviction; a firm opinion;
acceptance of a thing, fact, statement and others (Moore, 2006, p. 122). A belief
is a proposition which may be consciously or unconsciously held, is evaluative
in that it is accepted as true by the individual, and is therefore imbued with
emotive commitment; further it serves as a guide to thought and behaviour
(Borg, 2001). Pajares (1992) noted that a belief is based on the evaluation and
judgment of a person. From a theoretical perspective, attitudes are connected
to beliefs as attitudes are a function of beliefs (Ajzen and Fishbein, 1980).
Attitude has been described as “an idea charged with emotion which
predisposes a class of actions to a particular class of social situations”
(Triandis, 1971, p. 2). Attitudes may also be further conceived of as “an
evaluative judgment of objects in terms of its degree of ‘goodness’ or ‘badness’”
(Kruglanski et al, 2005. p. 324). Ryan (1970) defined attitudes as follows:
“attitudes involve the evaluation of objects, persons, activities, and abstract
concepts or topics”. Johnston (2008) defined attitude as simply a predisposition
to approach or avoid an idea, event or object, and argued that although
attitudes may come from some very complex forces, but they are always
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learned. Ajzen (2005) similarly defined attitude as a disposition to respond
favourably or unfavourably to an object, person, institution, or event.
The way in which attitudes, beliefs, intentions, values and behaviour operate
have significant implications for teaching and learning. Behavioural and social
factors can influence a person’s beliefs and attitudes. Ajzen and Fishbein
(1980) pointed out that behaviour is ultimately determined by beliefs, as beliefs
influence attitudes and subjective norms. In turn attitudes and subjective norms
influence intentions and intentions influence behaviour. Many studies suggest
that behaviour is related to beliefs (Fang, 1996; Schuck, 1997; Lin, 2008; van
der Sandt, 2007; Turner et al, 2011). It seems plausible, if not self-evident, that
teachers’ behaviour would be associated with their attitudes towards
mathematics and technology use in mathematics. In teaching mathematics it is
feasible that the teachers’ beliefs about mathematics which they gained when
they were trained may influence the way they teach their students in the
classroom. The theory of Fishbein and Azjen (2010) can be applied to teacher’s
perceptions regarding the use of technology in mathematics teaching. See
Figure 1.2b in Chapter 1.
Pajares (1992, p. 316) argued that teacher’s attitudes and education (about
schooling, teaching, learning and students) have generally been referred to as
‘teachers’ beliefs’. Davis and Andrzejewski (2011) pointed out that the kinds of
beliefs teachers hold shape their professional practices: beliefs on schooling,
teaching and learning, belief about academic content, student population, and
themselves.

Mathematics teachers hold beliefs about: the nature of

mathematics, such as whether mathematics is about numbers and patterns
(Board of Studies, New South Wales, 2002); how it should be taught (The

P a g e | 93

Tasmanian Mathematics Curriculum, K-10 Syllabus, Department of Education,
2007); and how students should learn mathematics (Mathematics Curriculum
Standard Framework 11, Victoria, 2004). Teachers’ beliefs about the teaching
and learning of mathematics have been considered critical to the pace of
curriculum reform, with beliefs of mathematics teachers found to influence the
way they teach mathematics (Handal and Herrington, 2003). Students and
teachers’ beliefs about technology have been found to positively affect their
adoption of tools and this directly contributes to the establishment of a
technology-enhanced environment (Li, 2007).
In addition to examining why beliefs are important in relation to behaviour, the
succeeding sections will suggest why the beliefs of mathematics teachers may
be influential in their decision to use, or not to use technology in teaching and
learning. These are:
1.

Relationships between teachers’ beliefs and behaviour in mathematics
(3.2.1).

2.

Beliefs about mathematics (3.2.2).

3.2.1 Relationships between teachers’ beliefs and behaviour in
mathematics
One of the aims of this study was to examine if teachers’ beliefs about
mathematics influence their behaviour in using technology in the classroom. It
has been argued that beliefs strongly affect individual’s behaviour (Pajares,
1992). There is a common assumption that the way mathematics is taught
depends upon an individual teacher’s beliefs about the nature of mathematics
(Ernest, 1989; Prawat, 1992; van der Sandt, 2007), mathematics teaching and
learning (Ernest, 1989; Fang, 1996; Shuck, 1997; van der Sandt, 2007; Turner,
Warzon and Christensen, 2011), and mathematics teaching with technology
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(Handal and Herrington, 2003; Norton, McRobbie and Cooper, 2000;
Chrysostomou and Mousoulides, 2009).
Schoenfeld (1987) argued that the beliefs of mathematics teachers can be
thought of as an individual’s perspective on how one engages in mathematical
tasks and pedagogical practices. This implies that beliefs about mathematics
teaching and learning can influence student learning. For instance, Gagne
(1977) “…postulated that learning is best when we move from mastery of the
smallest conceptual units to the more general and inclusive”. In contrast
Ausubel and Robinson’s (1969) approach to teaching and learning may be
considered to be “top-down” with best learning when students are taught from
the most general and inclusive concepts to the most specific (Van Pattern,
Chao and Reigeluth, 1986). Clarke and McDough (2005) showed that
professional development, mentoring and collaboration can change teachers’
beliefs about the nature of mathematics and their role as teachers of
mathematics. Beliefs can lead to changed teaching practices. It was also found
by several authors that individual teacher’s beliefs strongly affect their
behaviour in the classroom (Pajares, 1992).
3.2.2 Beliefs about mathematics
The beliefs that mathematics teachers hold are reflected in their classroom
practices. Their beliefs are formed early, and beliefs about teaching are well
established by the time a prospective teacher starts attending university classes
(Barkatsas and Malone, 2005). In this section studies on mathematics teachers’
beliefs about teaching and learning and instructional practices are explored. An
investigation of some of the factors (knowledge, attitude and views and beliefs)
that influenced teacher behaviour resulted in the conclusion that teachers and
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prospective teachers should be aware of their own beliefs and attitudes as well
as the role and impact of their beliefs and attitudes towards mathematics,
learner characteristics, and the teaching and learning of mathematics (van der
Sandt, 2007, p. 349).
Wood, Reid, Petocz, Smith & Dorkins (2003) investigated university
mathematics student’s conceptions of mathematics, their notion of professional
work in the mathematical sciences, and the relationship between these ideas
and the way they learn mathematics. They found that students’ conceptions of
mathematics could be arranged in a hierarchy ranging from a narrow view as a
focus on components, onto a notion of mathematics as modelling, to a broad
view of mathematics as an approach to life and a way of thinking. The results
highlight that student conceptions are important to the development of students’
mathematical thinking. They argue that there is a correlation between a
student’s conception of mathematics and their approach to learning the subject.
It was further revealed that students with a lower level ability can be
encouraged to engage with their learning at a higher level through the use of
appropriate learning environments. The implications for teaching and learning
drawn from this study are that variations in pedagogical methods and materials
allow students to explore the nature of their thinking with others. Wood et al’s
(2003) findings suggest that pedagogy, curriculum and assessments encourage
students to explore mathematical approaches to learning. Just as students’
conceptions of mathematics influence how they learn it, mathematics teachers’
conceptions of mathematics may influence their professional role in teaching.
Barkatsas and Malone (2005, p. 70) argued that:
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Mathematics teachers’ beliefs have an impact on their classroom
practice,

on

the

ways

they perceived

teaching,

learning,

and

assessment, and the ways they perceive on students’ potential, abilities,
dispositions, and capabilities.
Goldin et al (2009) also examined the importance of beliefs in teaching and
learning mathematics. They found that beliefs influenced both teachers’
classroom practices, and the way students learn.
Several studies of mathematics teachers’ beliefs focused on the nature of
mathematics (Ernest, 1989), how it is being taught (Cobb and Steffe, 1988;
Cobb, Yackel and Wood, 1989; Schuck, 1997), and the likelihood that these
beliefs influence teachers’ behaviour (van der Sandt, 2007).
Drawing on the work of numerous authors (Kuhs and Ball, 1986; Ernest, 1989;
Pajares, 1992; Prawat, 1992; and van Zoest et al, 1994), it is possible to
classify mathematics teachers’ beliefs into three categories.
These are:
1.

Belief on the nature of mathematics.

2.

Belief in mathematics teaching or classroom practices.

3.

Belief in mathematics learning.

These categories are represented in figure 3.1.
3.2.2.1

Beliefs on the nature of mathematics

Perspectives on ‘the nature of mathematics’ have been categorised by Ernest
(1989) as problem solving, Platonist and an instrumentalist.
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Figure 3.1

Schematic diagram of mathematics teachers’ beliefs influencing
behaviour. Adapted from Kuhs and Ball (1986); Ernest (1989);
Pajares (1992); Prawat (1992); van Zoest et al (1994); Perry et al,
(2000)

A problem solving view of mathematics is one that is dynamic. It encompasses
a thinking process in the search for patterns and solutions to mathematical
problems, and its results are open to revisions.
The Platonist view of mathematics is a view of mathematics which is ‘static’ or
not changing because it is discovered, not created. For example, it is governed
by rules, formulae and axioms discovered by mathematicians such as
Pythagoras, Newton and Euler. In this view, mathematical thinking is viewed as
the discovery of, or getting to know that mathematics has always existed
(Schuck, 1997).
The instrumentalist view of mathematics is that it is a useful but disjointed
collection of facts, rules and student skills (Schuck, 1997; Perry et al, 1999;
Rolka et al, 2006). Ernest (1989, p. 21) likened the instrumentalist view as a
‘back-to-basics’ movement that emphasized basic numeracy as knowledge of
facts, rules and skills, without regard for meaningful connections within this
knowledge. This is also similar to memorising facts and rules (Perry et al, 1999)
or rote learning. Perry et al (2002) found that primary teachers in Asian
countries favoured ‘memorisation’ as an important learning approach in
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mathematics. By way of contrast Beswick’s (2005) study found that Australian
teachers rated ‘problem-solving’ view as the most dominant view of the nature
of mathematics.
3.2.2.2

Beliefs on mathematics teaching

The beliefs that teachers hold are the key factors to how mathematics is taught
(Ernest, 1989; Beswick, 2005; Rolka et al, 2008). Beliefs on mathematics
teaching consist of how classroom and learning activities are managed (Ernest,
1989, p. 22).
Kuhs and Ball (1986) have identified three dominant and distinctive views
teacher hold on how mathematics should be taught. These are: learner focused;
content focused, with emphasis on conceptual understanding and performance,
and classroom focused.
3.2.2.2.1

Learner focused

Learner-focused approaches emphasise the learner’s personal construction of
mathematical knowledge (Kuhs and Ball, 1986, p. 41). In this approach the child
is the centre of learning mathematics (Ernest , 1989). The notion of childcentredness occurs when students are actively involved with mathematics
through constructing their own mathematical meaning and concepts (Ausubel
and Robinson, 1969; Steffe and Cobb, 1988). This is typically achieved by
learning by doing and constructing meaning from personal experiences
(Jonassen et al, 1983; Cobb and Steffe, 1988; Cobb, 1994). This is a
constructivist view of mathematics learning. This view is more likely to be
utilised by those who hold a ‘problem-solving’ view. From a constructivist’s view
point, the problem-solving perspective and child-centred perspective are similar
concepts.
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In Germany, Rolka et al (2006) found that a problem solving environment
influenced pre-service teachers’ beliefs about the nature of mathematics, and
what it means to teach and learn mathematics.
Many studies in Australia (Perry et al., 1999; Barkatsas and Malone, 2005;
Beswick, 2005) have found the ‘problem-solving view’ is the dominant view that
teachers portray in their teaching practices.
3.2.2.2.2

Content focused

Content-focused with its emphasis on performance, is a view in mathematics
teaching that is driven by student performance and the mastery of mathematical
skills, facts, rules and procedures. This is termed an instrumentalist view of
teaching (Ernest, 1989, p. 21). The content-focused view of mathematics
focuses on procedures, rules and content topics like number, patterns and
algebra, space and geometry and data (NCTM, 1989 &1991; Pajares, 1992;
Fang, 1996; van der Sandt, 2007).
3.2.2.2.3

Classroom focused

The third belief about how mathematics should be taught is a classroom
focused view of teaching. That is the focus on the organisation, planning and
implementing teaching strategies in the classroom (Biggs and Telfer, 1982).
Classroom focused is one of the four dominant views (content-focused with an
emphasis

on

performance,

content-focused

with

an

emphasis

on

understanding) on how mathematics can be taught, where the focus is on
mathematical content through classroom activity (Kuhs and Ball, 1986). This
suggests that teachers' beliefs about mathematics influence their classroom
practices.
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An example of an application of a ‘classroom-focused view’ of mathematics

learning is the Third International Mathematics and Science Study Video Study
1999 (TIMSS) conducted by the National Centre for Education and Statistics,
U.S. Department of Education. It was undertaken to discover what teachers
have done to integrate technology into mathematics teaching and how well
students in seven participating countries perform in the Year 8 mathematics
test. The teachers in the study used a mixed of approaches as they teach their
classes. The broad purpose of the study was to investigate teaching practices in
eight-grade mathematics and science in a variety of countries (Hiebert, et al,
2003, p. 1). The countries that participated are: Australia, Czech Republic,
Hong Kong SAR, The Netherlands, Switzerland, United States and Japan.
Japan ranked number one followed by Hong Kong, then Singapore in the
international test for Year 8 mathematics. Of the 100 randomly selected lessons
for the Japanese sample, computers were used in the teaching of mathematics
for nine percent of the lessons. Japanese teachers differed from their
counterparts in other countries by using in the variety of teaching strategies
used such as spending more time working on each independent lesson (15
minutes) than in the other countries (2-5 minutes); placing greater emphasis on
introducing new content (60% of lesson time); use of mathematical proofs were
higher than the other countries and the use of computers as a tool in
mathematics teaching. The different pedagogical techniques used by the
Japanese teachers resulted in the highest achievement of students in Year 8
mathematics. The conclusion drawn by the authors of this report is the variety of
teaching methods could lead to high mathematics achievement as in the case
of Japanese and Hong Kong teachers.
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3.2.2.3

Beliefs on mathematics learning

Creating an environment that supports and encourages mathematical
reasoning and fosters all students’ competence with, and disposition
towards mathematics should be one of the teacher’s central concerns.
The nature of this learning environment is shaped by the nature of
mathematical task in which students engage (NCTM, 1991, p. 61).
How do students learn mathematics? The student learning process is
influenced by the teacher’s aims, expectations, conceptions and images of
learning activities. It is supplemented by the behaviours and mental activities of
the learner, and appropriate learning activities (Ernest, 1989, p. 23). Drawing
from several studies on how mathematics is learned, three types of beliefs
about mathematics learning are identified:
1.

The belief that mathematics is learned through skill mastery (Ernest,
1989). Teachers who believe that mathematics is about skill mastery are
likely to emphasize on performance based on mastery of rules, axioms,
facts and procedures of mathematics content.

2.

The belief that mathematics is best learned in a traditional manner
(National

Research

Council,

1989).

Teachers

who

believe

that

mathematics is learned in a traditional manner typically hold a Platonist
view of the nature of mathematics, and believe that mathematical skills are
transmitted from the teacher to the learner.
3.

The belief that mathematics is learned in a constructivist manner (Papert,
1980; Steffe, Cobb and von Glasersfeld, 1988; NCTM, 1991; Prawat,
1992; Jonassen et al, 1992; Cobb, 1994; Norton et al, 2000). A
‘constructivist view’ of learning means, learning by doing and thinking and
the use of technology tools (Pappert, 1980). Technology tools can assist
learning by providing hands-on activities or manipulatives. In addition to
the use of manipulatives (counters, blocks, cubes, Cuisenaire Rods, paper
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folding like tangrams, dice, pebbles, string art, geometric construction
using compass and protractor), the constructivist view of learning has
included the use of computer software such as LOGO programming
(Papert, 1980). In New South Wales, Australia, the teaching of
programming languages such as BASIC was mandatory in senior
mathematics (Years 11-12) in the early 1980’s.
Many authors, including Kelman et al (1983); Jonassen et al (1999); Schoenfeld
(1994) and Burton (1999), have advocated a constructivist philosophy of
learning with educational technology. These authors proposed that knowledge
is constructed, not transmitted. Jonassen et al (1999) view of constructivism is:
Individuals make sense of their world and everything with which they
come in contact by constructing their own representations or models of
their experiences. Knowledge construction is a natural process.
Constructivists believed that knowledge cannot be simply transmitted by
the teacher to the student (p. 5).
Several authors have investigated the use of a constructivist orientation with
learning (Keengwe et al, 2008; Chrysostomou and Mousoulides, 2009; ClarkWilson, 2009; Hennessey et al, 2010). Prawat’s (1992) investigation of
teachers’ beliefs about teaching and learning with a constructivist orientation
found that teachers focused on content delivery and the use of hands-on
activities and manipulatives. In Australia, studies have found that the dominant
belief of mathematics teachers is that of the constructivist orientation (Perry, et
al, 1999 and Barkatsas and Malone, 2005).
In Canada the enactment of the constructivist mode of mathematics teaching
and learning involve students being allowed to explore and investigate while
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teachers act as facilitators (Golafshani, 2004). Central to classroom strategies
in this mode are: problem solving, discovery, group working and creativity.
Using these strategies teachers attempt to enhance students’ conceptual and
practical understanding of mathematical problems through integration of
subjects, especially in non-classroom settings (practical group work outside the
classroom using playgrounds and ovals to measure the perimeters, and
calculate areas of squares, rectangles, trapeziums, circles and ellipses).
However as Golafshani noted,
teachers beliefs and knowledge affect how they perceive and act upon
different messages about changing the way they teach mathematics. The
conceptions of teachers assumed about what mathematics is and how it
is learned had influence on their decision about what and how to teach
(p. 7), and
teachers holding the constructivist view of mathematics take the subject
as a language developed by humans to describe their observations of
the world. The teachers see mathematics as continually growing,
changing and being revised, as solutions to new problems are explored
by the learners with teachers as ‘facilitators’ (p. 3)
3.2.2.4

Beliefs about technology used in mathematics

How teachers view the use of technology in the classroom is governed by their
beliefs. Beliefs about technology were related to how teachers teach (Williams
et al, 2000; BECTA, 2004; Fitzallen, 2005; NCTM, 2008; Hermans et al, 2008;
Clark-Wilson, 2009). A variety of beliefs about the use of technology has been
identified. These are:
1.

Beliefs that computers could replace teachers (Li, 2007; Hazzan, 2007),
although some studies have found no such perception (Richards, 1997);

2.

The belief that students may over-rely on technology at the expense of
mastering basic facts (Wachira et al, 2008);
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3.

Belief that integrating technology could change the teachers’ traditional
roles and improve teaching and learning (Richards, 1997); and

4.

Beliefs have been found to vary according to classroom context,
pedagogical priorities and values within the wider educational paradigm
(Kynigos and Argis, 2004).

3.3

Knowledge

According to the theory of reasoned action (TRA) in Figure 3.2, the beliefs of
mathematics teachers with regard to mathematics and how to teach
mathematics, professional development issues (needs and choices) are factors
potentially contributing to a behavioural intention to use technology in
mathematics teaching.

Figure 3.2
Model of computer use as a function of behavioural beliefs,
normative beliefs, control beliefs and behavioural intentions. This is the final
model in Chapter 1, Figure 1.3.

Professional development may be considered to be assisting teachers in
updating their content and knowledge of pedagogical innovations (Guskey and
Huberman, 1995). One of the objectives of this research is to discover teachers’
perceptions of professional development programs in the use of technology in
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mathematics, and the effectiveness of such programs for their up-take of
technology in the classroom.
In a broad context, knowledge is awareness or familiarity gained through
experience of a person, a persons’ range of information, a theoretical
understanding of a subject or language, the sum total of what is known, justified
belief, and certain understanding such as opinion (Moore, 2006, p. 777). In a
social context, knowledge is something we digest rather than merely hold, and it
entails the knower’s understanding and some degree of commitment (Brown
and Duguid, 2000).
Knowledge defined as teachers having undertaken training in mathematically
relevant software packages such as Excel is interpreted as teachers
‘behavioural intention’ to use computers. In the discussion of this section,
professional development is used to represent knowledge as identified in the
model.
In this thesis, knowledge that is training on software packages is taken as an
indicator of intent.
There are two ways of professionally developing teachers: informal training and
formal training.
3.3.1 Informal training
Two forms of informal training are important for professionally developing
teachers. They are self-training and mentoring (peer tutoring).
3.3.1.1

Self-training

Although there are no available data on teachers who self-trained, it appears
from the introduction of computers into mathematics in the NSW Department of
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Education and Training that self-training was important to help teachers know
how to use computers in the classroom. It is my experience that in many
schools, some teachers have sufficiently self-trained in computer and software
use to be comfortable enough to integrate technology into their mathematics
teaching.
3.3.1.2

Mentoring

Mentoring and peer tutoring also occur in schools and this appears to be
important in assisting colleagues to use software (Goodlad, 1976). Many
teachers that take part in peer tutor projects find the most striking effect is in
increasing their confidence and sense of adequacy in teaching (Topping, 1988).
Mentoring support models have been found to be effective in professionally
developing teachers with mathematics teachers showing an increased level of
technology use after six-months of training (Swan and Dixon, 2006). Williams et
al’s (2000) study found eighty percent of secondary mathematics teachers in
the UK rely on their fellow teachers for support and keeping up-to-date with
innovative practices in ICT use in mathematics teaching.
Mentoring is not only limited to teachers teaching fellow teachers. A case study
on the use of students to mentor teachers in ICT in New Zealand is reported by
Ingham (2008). This study showed the effectiveness of the mentoring
programme, a professional development initiative in ICT, where students
mentor teachers to be proficient in ICT.
3.3.2 Formal training or professional development (PD)
Knowledge may also be extended through professional development programs
(PD). These programs can be classified as: short-term courses, long-term
courses/summer

institutes,

ongoing

professional

development,
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conferences/seminars and courses offered by colleges and universities. The
professional development of interest can include mathematics education, ICT
use in teaching and learning and ICT use in mathematics teaching.
3.3.2.1

Short-term courses

In short term courses, participants attend sessions of limited duration and take
to their workplace ideas that can help their colleagues update their knowledge
in relation to technology use. For example, the NSWDET often offer one or two
day workshops each year about integrating technology in mathematics
teaching, such as the use of geometry software. Another example of a short
course is the one day seminar ‘Mathematics Teachers Day’ offered by the
School of Mathematics and Applied Statistics, University of Wollongong every
year since 2002 to the present, 2011.
Often the teachers who undergo short terms hands-on courses have to selfteach/train themselves to fully learn the capabilities and potential of the
software. A one day workshop is usually not long enough to master the
capabilities and potential of a software package.
3.3.2.2

Long-term courses/summer institutes

Long term professional developments are courses that have a time-line geared
towards achieving a specific goal. This is often in terms of training teachers to
use technology in the classroom. One such example was a 10-year project by
Apple Classrooms of Tomorrow (ACOT) in the USA that ran from 1985 to 1995.
It was a collaboration between universities, public schools and Apple
Computers, Inc. on teacher development (Sandholtz et al, 1997). The aim of
this program was to develop teachers’ knowledge and provide hands-on
experience in the use of computers in the classroom
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Professional development programs vary in duration. Examples involving
training in mathematics with technology integration includes training for over a
period of three months (Swan and Dixon, 2006), eight months (Hardy, 2004),
working with teachers over a 2-month period on a 3-hour session weekly
(Toumasis, 2006) and a 3-week summer institute (Wells, 2007).
3.3.2.3

Ongoing professional development

Ongoing professional development or ‘continuing professional development’ for
teachers (Trorey and Cullingford, 2002, p. 51) is a type of professional
development that aims to raise standards of teaching and learning by
understanding the ways in which the teachers learn best. Over a career
teachers need to be engaged in a range of learning experiences which match
sometimes with organisationally defined needs, sometimes with individually
defined negotiated need and sometimes both.
An example of an ongoing professional development program is a school-based
training development conducted at Elizabeth Macarthur High School (Australia)
in 1998 to 1999 which develops teachers’ knowledge in the use of the Internet
in the classroom. The topic was ‘Teacher Training in the Use of the Internet in
the Classroom’. The program ran over a period of two years every Monday after
school hours and was carried out as a part of the duties of an Advanced Skills
Teacher. The training program was organised by the Technology Committee of
the school (one representative from all the Key Learning Areas, n = 10) with the
leadership of the school principal.
3.3.2.4

Conferences and seminars

Courses offered at conferences and seminars can be useful in updating
teachers’ knowledge of trends in technology use as well as the provision of
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opportunities to practise and share new teaching methods, and to practice
solely with peer teachers (Neiss, 2006). Examples, in an Australian context, of
these conferences include: Mathematics Education Research Group of
Australasia (MERGA) from 1997 to 2011; Australian Association of Mathematics
Teachers (AAMT), from 1962 to 2011; New South Wales Computer Education
Group (NSWCEG), 1989 to 2011; Mathematical Association of New South
Wales (MANSW), from 1911 to 2011. Examples of courses offered by those
conferences are shown in Table 3.3.
Table 3.3

Examples of courses offered on conference and seminars

Conference /Seminars
MERGA 28, 2005
Conference, RMIT
(Mathematics Education
Research Group of
Australasia)

Courses offered/topics
The conference papers were offered for a period of 3 days.
The theme of the conference is about the new trends in
mathematics education, theory and practice with technology
integration in teaching and learning.

AAMT2005 Conference,
UTS, Sydney (Australian
Association of Mathematics
Teachers)

The conference offered papers on mathematics education as
well as workshops for a period of 4 days. The workshops for
example, focused on hands-on use of Geometer’s
Sketchpad, mathematical simulations using a spreadsheet,
exploring space and measurement with the ClassPad 300.

Computing Education Group
of Victoria (CEGV) 2001,
Richmond, Victoria, Australia

The seminar lasted for 3 days and focused on the use of
technology in all subjects. Workshops included Website
design, Arts, Computing and Multimedia (ACAM) Leadership
Training
and
Professional
Development
Program,
Macromedia Director 8 and so on.

NSWCEG 20th Annual
Conference, Sydney,
Australia (2000)

The conference was held for 6 days with different topics and
workshops. The workshops covered hands-on training in the
use of Dreamweaver MX and Fireworks MX, Web design
using HTML code, learning multimedia learning QuickTime,
Networking Basics, Certificate Course in the Internet Use.

3.3.2.5

Courses offered by colleges and universities

Formal courses offered by colleges and universities that incorporate technology
in teaching and learning include diplomas, master’s degree courses and
doctoral degrees. Gess-Newsome et al (2003) argued that the common things
necessary for professional development programs are: that they are
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developmentally appropriate, in terms of content, instruction and teacher’s
need; they need to provide training according to teachers professional needs
and contain the elements that promote learning.
3.3.3 Professional development (PD) focus on change in classroom
practices (use and non use of technology)
One of the aims of professional development is to bring about a change in the
classroom practices of teachers (Guskey, 2002). This change may be the
acceptance of new teaching strategies (Norton et al, 2000), such as the use of
technology. Hardy (2004) found that the effect of a long term professional
development program improved teachers’ teaching strategies in mathematics
and lesson preparation or lesson planning in the effective use of computer
software, such as the use of spreadsheets. Hardy’s study was a project called
The Technology In Mathematics Education (TIME) and included 4-8 middle and
7-12 secondary mathematics teachers in the State of Arkansas. The program
was to broaden the participants’ knowledge of technological resources and
methods of teaching mathematics. The project lasted for eight months. The
participants in the project were expected to: (a) locate lesson plans, drill and
practice games, project ideas and assistance via the Internet; (b) make use of
spreadsheets,

calculators,

videos/laser

discs,

software,

multimedia

presentations, email, and web pages as instructional tools; (c) evaluate
technical resources and student work that involve the use of such resources
and (d) create lesson plans that included the use of technology. The results of
the study indicated that the TIME Project significantly impacted participants’
perceptions of both their abilities to teach with technology and their knowledge
of technological resources. Some of the highlights of the study were: the
teachers became familiar with a wide variety of technological resources; the
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teachers became familiar with a variety of methods of teaching mathematics
through the use of technological resources; teachers effectively incorporated
the use of spreadsheets into instruction and the teachers effectively used
computer software as a major component of the lesson.

The implications of Hardy’s (2004) study on the teachers’ adoption of computer
use in the classroom were promising. It provided hands-on use of software,
such as the use of spreadsheets, teaching strategies and the ideas for lesson
preparation in the effective use of computer software.
The present study has similarities to Hardy’s study, as both studies investigated
mathematics teachers teaching strategies in mathematics through the use of
technological resources (i.e., the Internet, spreadsheets and PowerPoint) and
lesson preparation or lesson planning in the effective use of computer software.
In a long term professional development program, such as summer institutes, a
typical outcome is increasing teachers’ confidence in the use of computer
technologies to prepare lessons. Several studies have shown effect of
professional development initiatives in improving:
1.

Teachers’ classroom practices (Ausubel, 1967; Anderson et al, 2001;
Arthur et al, 2003);

2.

New instructional approach, such as the use of technology tools (Olivero
and Robutti, 2007);

3.

The use of new materials or curricula, such as the new mathematics
curricula embedding appropriate use of technology in lessons (Hennessy
et al, 2010); or

4.

A modification in teaching procedures or classroom format, for example
the use of group work in the web-based instructional tools (Blessinger and
Crippen, 2008; Agyei and Voogt, 2010).
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However, not all professional development initiatives in developing ICT skills
and knowledge result in improvements of computer skills and knowledge of
teachers. Fitzallen (2005) found that a professional development in ICT for
mathematics teachers from a suburban high school in New Zealand help
teachers to achieve the outcomes of the training program. It was reported that
the acquisition of ICT skills and knowledge did not translate to the adoption of
new practices supported by technology.
3.3.4 Professional development (PD) focus on needs in technology
training and need to know about technology tools
Technology is an essential tool for learning mathematics in the 21st century, and
all schools must ensure that all their students have access to technology
(NCTM, 2008). Due to the increasing need to use ICT it is important that
mathematics teachers undergo professional development updating their
knowledge regarding the need to use software tools. Included in this is the need
for professional development programs was the integration of software into
lessons.
Programs in teacher education and professional development must
continually update practitioner’s knowledge

of

technology.

Such

programs should include the development of mathematics lessons…All
teachers must remain open to learning new technologies, implementing
them effectively in a coherent and balance instructional program (NCTM,
2008, p. 1).
This statement was a wake-up call to all mathematics teachers; few teachers
succeed in integrating ICT into their teaching (BECTA, 2004). One of the
objectives of professional development is to match or support the learning
outcomes identified in the curriculum statements and syllabus. In order to do
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this, mathematics teachers not only need to know the mathematics content of
the syllabus but they have a ‘need to know’ how to use ICT as a teaching and
learning tool (http://www.avu.org). Teachers need to know the features and
capabilities of these tools to understand which software packages will be useful
in specific lessons and topics in mathematics. As Williams et al (2000) noted:
…training alone unlikely to be effective in the development of ICT skills
and knowledge, and enhanced the use of ICT in schools. A more holistic
approach is required compromising appropriate training in terms of skills,
knowledge relevant to educational goals and priorities, and delivery;
ready access to ICT resources; and ongoing support and advice to
encourage progression beyond any formal training. The provision of a
localized, supportive environment which encourages teachers to see ICT
as integral to the achievement of their existing goals will be as important
as any single national institute (p.319).
Drawing from Williams et al’s (2000) argument, training in itself is not an answer
to addressing the specific needs of teachers. Schools or NSWDET should have
the responsibility to find out what teachers ‘need’ to be able to update their ICT
knowledge and skills. Appropriate training to address the needs of mathematics
teachers is important.
Agyei and Voogt (2010) conducted a study in Ghana that explored the feasibility
of ICT use of mathematics teachers in senior high schools. Results showed that
mathematics teachers in Ghana do not integrate ICT in mathematics teaching.
Perceived barriers in the integration of ICT were identified and included: lack of
knowledge about ways to integrate ICT in lessons and lack of training
opportunities for ICT integration and acquisition. A lack of professional
development addressing teachers’ needs was the reason for teachers not
adopting the use of technology in their lessons. Identified needs included:
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ongoing technical skills training, specific training with learning software for
different mathematics content goals and training on pedagogical issues related
to integrating ICT into teaching and learning. The teacher requirements include
courses on Internet use, word processing, spreadsheets and multimedia
operations. These needs are consistent with the NCTM (2008) statement calling
for updating mathematics teachers’ knowledge of ICT use through ongoing
professional development program.
The present study has similarities to Agyei and Voogt (2010) study, as both
studies were conducted on secondary mathematics including pre-service
mathematics teachers, and found that the perceived barriers to computer use in
mathematics teaching included a lack of knowledge about ways to integrate ICT
in lessons and lack of training opportunities for ICT integration.
3.3.4.1

Professional development in tools for mathematics teaching

The NSWDET has the responsibility for providing technology tools, such as
software packages, to teachers. Availability of the software packages that are to
be used in teaching is crucial to preparing mathematics lessons. These
software packages can be spreadsheet programs, Computer Algebra Systems
(CAS) and dynamic geometry software. Mathematics teachers need to know
how to use technology tools, in addition to knowing their capabilities and
potential in enhancing student performance. Several authors have studied the
potential of using technology tools in mathematics lessons, such as the use of:
the Excel program (Wu and Wong, 2007), dynamic geometry software such as
CAS, or Geometers’ Sketch Pad (Schmidt et al, 2009). Some common software
packages and their use in mathematics classrooms are described in Table 3.4.
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Table 3.4

Description of software packages commonly used in teaching
mathematics

Names of Software Packages

Description

EXCEL

This is a spreadsheet program that is use in
mathematics and statistics.

Computer Algebra Systems (CAS)

This is a type of software package that is used
in manipulation of mathematical formulae. The
primary goal of the Computer Algebra System is
to automate tedious and sometimes difficult
algebraic manipulation. Examples include
Maple, Mathematica, and MathCAD.

Geometer’s SketchPad

This software allows students to perform
geometric transformations (translations,
reflections, rotations and dilations)

Spreadsheets are available in either an integrated package, such as Microsoft
Works or as a stand alone program, such as Microsoft Excel. They can be used
for a variety of purposes for example automatic calculation of a table’s figures
and graphing of table’s information in many forms such as pie, column and line
graphs (Wilson, 1997, p. 1). Table 3.5 is an example of an application of a
spreadsheet that is suitable for Years 9 and 10 mathematics class.
Table 3.5

Sample work of use of spreadsheet

Profit and Loss Statement for the Month of March
Mar-09
Income Salary
$2 000
Expenses rent
$640
car insurance
$200
entertainment
$150
food
$350
utility bills
$200
TOTAL
$1,540
Balance (Income-Expenses)
$460
Maple, Derive, Mathematica, Mathcard and Octave are examples of computer
algebra systems. Computer Algebra Systems can be used to simplify rational
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functions, factor polynomials, find the solutions to a system of equation, and
carry out various other manipulations. In Calculus, they can be used to find
limits, symbolically integrate, and differentiate arbitrary expressions. For
students who do not know the ‘Chain Rule’, with the aid of Maple the binomial
expression,

can be expanded in less than two seconds instead of

laborious calculations by hand. Computer Algebra System save time and can
show the accuracy of the answer (http://www.maplesoft.com).
The Geometer's Sketchpad is a dynamic construction and exploration tool that
adds

a

powerful

dimension

to

the

study

of

mathematics

(http://www.dynamicgeometry.com). It can be used to build and investigate
mathematical models, objects, figures, diagrams, and graphs. This software can
assist students to explore and understand core concepts from numbers and
operations, algebraic thinking, and geometry and measurement in elementary
and middle school to algebra, geometry, trigonometry, pre-calculus, and
calculus in high school (Learner, 2005) and college (Zill, 1998; Leithold, 1990)
in a tangible and visual manner. Sketchpad provides a faster, more dynamic
and engaging way to demonstrate mathematical concepts than using
transparencies or drawing on the board (http://www.dynamicgeometry.com).
Figure 3.3 is an example of mathematics work produced by using Geometer’s
SketchPad.
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Figure 3.3

3.4

Use of Geometer’s SketchPad to draw a circle and perpendicular
lines

Conclusion

This chapter reviewed literature relating to the model of behaviour presented in
Figure 3.1. This included ‘beliefs’ about the nature of mathematics, beliefs in
mathematics teaching and beliefs about learning with technology; professional
development/knowledge

with

regards

to

integrating technology in

the

classroom. The literature relating to other associated areas, such the goals of
professional development

was also reviewed. Studies in professional

development using ICT in secondary mathematics portrayed mixed messages.
Some authors found professional development improved learning outcomes,
others claimed that it either did not make a difference or had little impact on
teachers’ practices and student outcomes. Whether the beliefs and knowledge
identified in Australian studies (Perry et al, 1999; Barkatsas and Malone, 2005;
Beswick, 2005) are related to the use of technology in the classroom is one of
the foci of data collection in this thesis.
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Chapter 4
Research methodology
Both qualitative and quantitative methods may be used appropriately with any
research paradigm (Guba and Lincoln, 1994).
4.1

Introduction

This chapter presents the research design used in this study; sampling
procedures, questionnaire development and validation, question design, and
data collection procedure. The research was based on three studies. In the first
study a questionnaire was used to gather data from 114 secondary
mathematics teachers from the New South Wales Department of Education and
Training (NSWDET) about the use and non use of technology in teaching. An
‘interview research technique’ was employed in the second and third studies.
These were interviews with inexperienced or practicing teachers (study 2) and
experienced teachers (study 3). Refer to Figure 4.1.

Figure 4.1

Stages of the study
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A mixed-method approach combining qualitative and quantitative method was
selected to complement the nature of the study. The researcher used a
‘triangulation’ technique in a sequential phase to collect data. In a ‘sequential
procedure’, the researcher seeks to elaborate on or expand the findings of one
method with another method. This may involve beginning with a quantitative
method in which the theories or concepts are tested followed by a qualitative
method involving detailed exploration with a few cases or individuals or vice
versa (Creswell, 2003).
In this section an overview of approaches to research and methodology are
explored.
4.2

Background of approaches to methodology

Terminologies often used in research include: positivist, post-positivist,
quantitative, qualitative, single method approach and mixed-method approach.
Historically, there have been criticisms and debate as to what is the best
method to use in social, scientific and educational research. The following
sections will explore the development of methodological approaches as follows,
1.

Historical perspective: positivism, post-positivism, quantitative and
qualitative.

2.

Emergence of mixed-methods.

3.

Debate about mixing quantitative and qualitative techniques.

4.

The reasons for using mixed methods research.

4.2.1 Positivism, post-positivism, quantitative and qualitative
The positivist and anti-positivist debate emerged as a means to justify the best
way of obtaining, inferring from and analysing results from observed
phenomena. During the past three decades, several debates have raged in the

P a g e | 120

social sciences as to the superiority of positivist (constructivism, interpretivism,
naturalism or qualitative) approach or post-positivist (scientific method of doing
science or quantitative) method (Teddlie and Tashakkori, 1998; Mertens, 2005;
Bryman, 2008). The concept of ‘positivism’ originated from the idea of Auguste
Comte, a French philosopher in the nineteenth-century. The term ‘positivism’
has been used by philosophers and scientists to collect and analyse data of
phenomena (Cohen and Manion, 1985). Positivism is also known as a
qualitative way of expressing results of a study. This gave rise to the
‘quantitative method’ in research methodology. The quantitative method is
defined by Creswell (2003) as:
Quantitative method is an approach to research in which the investigator
primarily uses post-positivist claims for developing knowledge (i.e., cause
and effect thinking, reduction of specific variables, hypothesis and
questions, use of measurement and observation, and the test of
theories), employs strategies of inquiry such as experiments and
surveys, and collects data from predetermined instruments that yield
statistical data (p. 18).
After World War II, the positivists’ point of view (positivism) was discredited as a
philosophy of science. The dissatisfaction with the axioms of positivism became
increasingly widespread throughout the social and behavioral sciences during
the 1950s and 1960s, giving rise to ‘post-positivism’ (Teddlie and Tashakkori,
1998, p. 7). Guba and Lincoln (1985) addressed a number of tenets of
positivism:
1.

Ontology (nature of reality): Positivists believe that there is a single reality.

2.

Epistemology (the relationship of the knower to the known): Positivists
believe that the knower and the known are independent.
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3.

Axiology (role of values in the inquiry): Positivists believe that the inquiry is
value-free.

4.

Generalizations: Positivists believed that the time and context-free
generalizations are possible.

5.

Causal linkages: Positivists believed that there are real causes that are
temporarily precedent to or simultaneous with effects (p.28).

Consequently, three schools of thought emerged: phenomenology (concern
with phenomena or direct experience, face-to-face); ethnomethodology
(concern with the world of everyday life and people) and symbolic interactionism
(concerns with dynamic interaction between people). The qualitative method is
a research strategy that usually emphasizes words rather than quantification in
the collection and analysis of data (Bryman, 2008). Denzin and Lincoln’s (1998)
definition of qualitative research is,
a multi method focus, involving interpretive, naturalistic approach to its
subject matter. It involves the studied use and collection of a variety of
empirical materials like case study, personal experience, introspective,
life story, interviews, observational, historical, interactional, and visual
texts that describe routine and problematic moments and meanings in
individual’s lives (p.3).
Creswell (2003) defines qualitative approach to research as,
Qualitative method is an approach to research methodology in which the
inquirer often makes knowledge claims based primarily on constructivist
perspectives (i.e., the multiple meanings of individual experiences,
meanings socially and historically constructed, with an intent of
developing a theory of pattern) or advocacy/participatory perspectives
(i.e., political, issue-oriented, collaborative, or change oriented) or both. It
also uses strategies of inquiry such as narratives, phenomenologies,
ethnographies, grounded theory studies, or case studies. The researcher
collects (p. 18).
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Three features of qualitative research are particularly important. They are:
1.

An inductive view of the relationship between theory and research,
whereby the former is generated out of the latter;

2.

An epistemological position described as interpretevist, meaning that in
contrast to the adoption of a natural scientific model in quantitative
research, the stress is on the understanding of the social world through an
examination of the interpretation of that world by its participants; and

3.

An ontological position described as constructionist, which implies that
social properties are outcomes of the interactions between individuals,
rather than phenomena ‘out there’ and separate from those involve in the
construction (Bryman, 2008, p. 366).

Quantitative and qualitative approaches have their own merits and pitfalls.
Bryman (2008) enumerates four criticisms of the quantitative approach.
1.

Quantitative researchers fail to distinguish people and social institutions
from the world of nature. It means that ignoring the fact that people
interpret the world around them, this capacity for self-reflection cannot be
found among the objects of natural sciences (p.159).

2.

The measurement process has an artificial and spurious sense of
precision and accuracy. The connection between the measures developed
by social scientists and the concepts they are revealing is assumed rather
than real (p. 159).

3.

The reliance on instruments and procedures hinders the connection
between research and everyday life. Many methods of quantitative
research rely heavily on administering research instruments to subjects (p.
159).

4.

The analysis of relationships between variables creates a static view of
social life that is independent of peoples’ lives (p. 160).
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To illustrate the contrast between the qualities attributed to qualitative and
quantitative research, Bergan (2008, p. 13) presented the similarities and
inconsistencies between these approaches. See Table 4.1.
Table 4.1

Qualities of qualitative and quantitative approaches prescribed by
Bergan (2008)
Qualitative Approach

Quantitative approach

A belief in a constructed reality, multiple
(constructed) realities, or a non-existent
reality.

A belief in single reality.

An interdependence between the knower
and the known, i.e. the impossibility to
separate the researcher from the research
subject.

The possibility and necessity of separating the
knower from the known.

The inadvertent value-ladenness of the
research process and its output, i.e. the
impossibility to conduct research and
interpret research findings objectively.

The possibility and necessity of value-free
research.

The centrality of the context to the research
process and finding, e.g. time-space,
politics, specific situation during data
production, interpretation, presentation, etc.

The possibility of generalizing findings beyond
the contextual limits of the researched units
and research situation.

The impossibility to generalized research
findings beyond the limits of immediate
context.

The pursuit of identifying universal, causal
laws.

The impossibility to distinguish causes and
effects.

The tendency to work with large,
representative samples.

The explicit focus on inductive, exploratory
research approaches.

The emphasis on deductive research through
falsifiable hypothesis testing.

The tendency to work with small, nonrepresentative samples.
The belief that research in this vein is or
should be non-reductionistic, i.e. the belief
in the ability to describe or explain in its
entirety the complexity of phenomena under
investigation.

Despite the differences between the qualitative and quantitative approaches to
research, there was a movement to reconcile and integrate the two
methodologies in the 1980s. The concept of mixing different methods originated
in 1959, when Campbell and Fiske used multiple methods to study the validity
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of psychological traits (Creswell, 2003, p.15). This led and encouraged other
researchers to use both ‘qualitative’ and ‘quantitative’ approaches in their
studies (Creswell, 2003, p.15). The evolution of mixing methodological
approaches emerged.
4.2.2 Emergence of mixed-methods
The development of both qualitative and quantitative research in the social and
human sciences is expanding and has given rise to the emergence of mixed
methods (MM) research (Mertens, 2005). Accordingly, Bryman (2008, p. 603)
defines ‘mixed-method research’ as the integration of quantitative and
qualitative research within a single project. Mixed method research design is
one of the fastest growing areas in research methodology (Bergan, 2008, p.
110). Onwuegbuzie, Jiao and Bostick, (2004) pointed out that in the later part of
the 19th century a debate took place concerning qualitative and quantitative
research paradigms, and by the beginning of 20th century social scientist
questioned the positivists (quantitative) method to study human behaviour. This
debate resulted in mixing qualitative (QUAL) and quantitative (QUAN)
approaches to research. The basic descriptions of the three methodological
movements of the researchers of social and behavioural sciences are described
as:
1.

Quantitative oriented social and behavioural scientists (QUANs) work
within the post-positivist/positivist paradigm, and are interested in scientific
analysis of numeric data (Creswell, 2003).

2.

Qualitative oriented social and behavioural scientists (QUALs) work within
the constructivists’ paradigm and narrative data analyses is used
(Mertens, 2005).
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3.

Mixed-methodologists work within the pragmatists paradigm and are
interested in both narrative and numeric data for their analyses (Creswell,
2003). Within the mixed-method design, both qualitative and quantitative
methods are used to answer research questions in a single study
(Mertens, 2005, p. 292).

The outline of the evolution of methodological approaches is presented in Table
4.2.
Table 4.2

Evolution of Methodological Approaches

th

19 century to 1950s

1960s to 1980s

1990s

(Period 1)

(Period 2)

(Period 3)

The Monomethod or
‘Purist’ Era

The Emergence of Mixed
Methods

The Emergence of Mixed
Method Studies

The Purely Quantitative
Orientation
The Purely Qualitative
Orientation

Equivalence Status of Designs
(across both
paradigms/methods)
Dominant-Less Dominant
designs (across both
paradigms/methods)

Single Application Within
Stages of Study
Multiple Application Within
Stage of Study

Designs with Multilevel Use of
Approaches
Source: Tashakkori and Teddlie, 1998, p. 15

4.2.3 Debate about mixing quantitative and qualitative techniques
In the 1970s and 1980s qualitative researchers based their investigation
strategy on different epistemological and ontological foundations from
quantitative research, and these researchers insisted that qualitative research
could not be mixed with quantitative research (Bryman, 2008). This view was
challenged as different opinions emerged as to what techniques were the best
to use in research. Others began to mix qualitative and quantitative research in
single studies (Creswell, 2003). Bryman (2008) identified two versions of the
debate about mixing qualitative and quantitative research as these two different
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versions could influence researchers about whether the two methods can be
combined. They are:
1.

An epistemological version, perceived that qualitative and quantitative
research are incompatible in epistemological principles (refer to Section
4.2.1 for explanation). According to the nature of this version, mixing both
methods is impossible; and

2.

A technical version, deals with the strength of data collection and data
analysis techniques within which quantitative and qualitative research are
associated with each other and they are capable of being integrated.
There is recognition that quantitative and qualitative researchers are
connected with distinctive epistemological and ontological assumptions,
but connections are not fixed (p. 606).

4.2.4 Why use mixed methods research?
The concept of mixing methods research emerged from the pragmatist point of
view. Pragmatism is a paradigm that is concerned with mixing qualitative and
quantitative approaches (Merten, 2005). Pragmatists believed: in the coexistence of both subjective and objective perspectives; in the view that
research is influenced by theory and hypothesis, and through observations of
phenomena, facts and evidence; and in the utilisation of inductive and deductive
reasoning (Onwuegbuzie, Jiao and Bostick, 2004). Within the parameters of
pragmatists’ point of view, the concept of ‘triangulation’ emerged as a tool for
researchers. Triangulation is a mode of improving the probability that findings
and interpretations are credible (Lincoln and Guba, 1985, p. 305). The process
of ‘triangulation’ was pioneered by Denzin (1977). He proposed four types of
triangulation:
1.

Data triangulation (i.e. use of a variety of sources in the study).
Triangulation forces the observer to combine multiple data sources,
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research methods, and theoretical schemes in analysis. This is called
checking the validity of the research (p. 49).
2.

Investigator triangulation (i.e. use of several different researchers). The
researcher is forced to check the credibility of all sources and must have
familiarity with all of his data sources so he can judge which ones to
include or eliminate in the research. (p. 50).

3.

Theory triangulation (i.e. use of multiple perspectives to interpret the
results of the study). The researcher/observer must assess the degree of
validity of the data whether it occurs at a frequency sufficient to permit
several or repeated observations (p. 53).

4.

Methodological triangulation (i.e. use of multiple methods to study a
research problem). The researcher/observer must have knowledge of
outcome of the final phase of the study and must empirically specify that
outcome and gather multiple observations of how it may vary (p. 55).

The ‘triangulation’ method refers to the use of multiple approaches from
between methods of triangulation, involving both qualitative and quantitative
approaches (Onwuegbuzie, Jiao and Bostick, 2004), refer to Table 4.3.
According to Hammersly (in Bergan, 2008),
the original usage of ‘triangulation’, within the literature science
methodology, referred to checking the validity of an interpretation based
on the single source of data by recourse to at least one further source
that is of strategically different type; and the idea behind this concept of
‘validity checking’ is that by drawing data from sources that have very
different potential treats to validity it is possible to reduce the chances of
reaching false conclusion (p. 23).
Hammersley further argued that:
If the aim of research is to produce knowledge of the social world, and
specifically of the kind that most social scientists have pursued, then the
most fruitful interpretations of the term triangulation are the ‘data
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triangulation’ and ‘theory triangulation’…using data of different types help
us both to determine what interpretations of phenomena are more or less
likely to be valid and to provide complementary information that
illuminates different aspects of what we are studying (p.32).
The items in Table 4.3 show different ways of combining quantitative and
qualitative methods.
Table 4.3

Mixed method approach: Triangulation Method from different
sources

MIXED METHOD APPROACH

Equivalence Status of Designs
(across both paradigms/methods)

Dominant-Less Dominant designs
(across both paradigms/methods)

1.Sequential (two phase sequential 1.Sequential exploratory design (two
studies)
phase sequential studies)
a. QUAL/QUAN

a. QUAL/QUAN

b. QUAN/QUAL

b. QUAN/QUAL

2.
Parallel/Simultaneous 2. Parallel/Simultaneous
(concurrent triangulation strategy)
a. QUAL + QUAN
a. QUAL + QUAN
b. QUAN + QUAL
b. QUAN + QUAL
Source: (Tashakkori and Teddlie, 1998; Creswell, 2003; Onwueggbuzie, Jiao and Bostick, 2004;
Mertens, 2005).

Figures 4.2 and 4.3 provide visual presentation of two mixed-method
approaches: sequential exploratory design and a concurrent triangulation
strategy.
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Figure 4.2

Processes of a mixed-method approach (sequential exploratory
design). Adapted from Creswell (2003, p. 213)

Figure 4.3

Mixing qualitative and quantitative approaches using concurrent
triangulation. Adapted from Creswell (2003, p. 213)

The distinctions and explanation of the of the mixed method design presented in
Table 4.3 are provided by Creswell (2003):
1.

Sequential studies (or two-phase studies): The researcher first conducts a
qualitative phase of study and then, a quantitative phase, or vice versa.
The two phases are separate (p.215).

2.

Parallel/simultaneous studies: The researcher conducts the qualitative and
quantitative phase at the same time (p.218).

3.

Equivalent status designs: The researcher conducts the study using both
qualitative and quantitative approaches about equally to understand the
phenomenon under study. For example, two types of data are collected at
the same time during one data collection phase and may have equal or
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unequal priority. This is also called as ‘concurrent triangulation strategy’
(p.219)
The mixed-method approach is becoming popular because of the advantages it
offers. These are:
1.

Mixed-methods designs incorporate techniques from both qualitative and
quantitative research traditions. It can be used to answer questions that
could not be answered in any other way (Mertens, 2005, p. 293).

2.

Mixed-methods research may provide a better understanding of the
phenomenon than if just one method has been used. It can enhance
confidence in our own or other’s findings, for example when a triangulation
exercise has been considered (Bryman, 2008, p. 624).

Furthermore, there are reasons why the ‘mixed method-approach’ (MM) is
superior to a ‘single method’ design. These include:
1.

MM research can simultaneously address a range of confirmatory and
exploratory

questions

with

both

the

qualitative

and

quantitative

approaches.
2.

MM research provides better or stronger inferences.

3.

MM research provides the opportunity for a greater assortment of
divergent views (Teddlie and Tashakkori, 2009, p. 33).

Creswell (2003) noted that all methods have strength and weaknesses,
limitations and biases. ‘Triangulation’ has emerged as a means of seeking
convergence across both ‘qualitative’ and ‘quantitative’ methods. The mixed
method design used in this thesis was chosen by the researcher. It contained
the elements of a positivist (empiricist, quantitative) approach and postpositivist/constructivist (qualitative approach): namely the use of survey followed
by interviews.
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4.3

Methodology used in the research

The central research questions this project focused on the choices of
mathematics teachers make regarding when to use, or not use, technology in
the classroom and what prevents teachers from using computers in their
teaching. To do this the researcher explored the possibility of mixing both
quantitative and qualitative methods in her study to obtain a clear picture of the
research inquiry. A questionnaire was used to collect data from mathematics
teachers.
A survey is a method of data collection using questionnaires or interviews to
collect data from samples that had been selected to represent a population to
which the findings of the data can be generalised (Fontana and Frey, 2000).
The approach undertaken in the first study is a ‘survey questionnaire’ which was
mailed to 100 public secondary schools. The data obtained from this survey
was primarily analysed using quantitative methods with some qualitative
analysis of open-ended questions.
4.3.1 Questionnaire design
The present research involved two stages to arrive at the final version of the
questionnaire. The first stage was the development of questions to be used in
the questionnaire. It was supported by:
1.

Evidence of previous experiences in teaching;

2.

Sample lessons using technology in mathematics;

3.

Observations of students and evaluation of lessons by students;

4.

Policy documents in mathematics education in Australia;

5.

Analysis of related literature;
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6.

Examination of other researchers’ questionnaires relevant to the present
study; and

7.

Analysis of results of the initial questions conducted with a number of
sample experts in mathematics education (for example, professors of
mathematics) who consented to participate responding to the questions.

The second stage was the development of the questionnaire through different
test and re-test stages.
4.3.1.1

Validity

Validation of instruments is the process of determining whether there are
grounds for believing that the instrument measures what it is intended to
measure, and that it is useful for its intended purpose (Fayers and Machin, 2007
and Krippendorff, 2004). Validity refers to the issue of whether an indicator (or
set of indicators) that is devised to measure a concept, really measure that
concept. Two forms of validity are face validity and content validity (Bryman,
2008).
This validation process consists of a number of stages, in which data is
collected to provide convincing evidence that the instrument taps into the
intended constructs and that it produces useful measurements reflecting the
intended survey (Bryman, 2008; Fayers and Machin, 2007 and Krippendorff,
2004). The researcher used the checklist of criteria for choosing an instrument
(refer to Table 4.4), and followed the criteria to validate the questions in the
questionnaire (refer to Table 4.5). The stages of the development of the
questionnaire from initial testing of items to the final revision of the
questionnaire before sending it to the schools are presented in Table 4.6.
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Table 4.4

Criteria for choosing an instrument

Sections
Documentation

Items
1. Is there formal written documentation about the instrument?
2. Are there peer-reviewed publications to support the claims of the developers?
3. Is there a user manual?

Development

1. Are the aims and intended usage of the instrument clearly defined?
2. Is there a clear conceptual basis for the dimensions assessed?
3. Was the instrument developed using rigorous procedures? Are the results published in detail? This should include all stages
from identification of issues and item selection through to large-scale field-testing.

Validation

1. How comprehensive has the validation process been, and did the validation studies have an adequate sample size?
2. Do the validated dimensions correspond to the constructs that are of relevance to your study?
3. Is there documented evidence of adequate validity?
4. Is there evidence of adequate reliability/reproducibility of results?
5. What is the evidence of sensitivity and responsiveness? How do these values affect the sample size requirements of your
study?

Target
population

1. Is the instrument suitable for your target population? Has it been tested upon a wide range of subjects from this population
(e.g. patients with the same disease states, receiving similar treatment modalities)?
2. If your population differs from the target one, is it reasonable to expect the instrument to be applicable? Is additional testing
required to confirm this?
3. Will your study include some subjects, such as young children or cognitively impaired adults, for whom the instrument may
be less appropriate?

Yes

No
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1. Is the method of administration feasible?
2. How long does the instrument take to complete (in minutes)?
3. Are the questions readily understandable or is help necessary?
4. Are there any difficult or embarrassing items?
5. Is the processing of questionnaires easy or do items require coding, such as measurement of visual analogue scales?
6. If multiple questionnaires are to be used (e.g. generic- and disease-specific questionnaires), are they compatible with each
other? Many instruments come with the advice: ‘If more than one questionnaire is to be used, our one should be applied
first’-which is clearly impractical when several make the same demand.

Languages and
culture

1. Has the instrument been tested and found valid for use with respondents from the relevant educational, cultural and ethnic
backgrounds?
2. Are there validated translations that cover your needs, present and future?
3. If additional language versions are required, they will have to be developed using formal procedures of forward and
backward translation and tested on a number of patients who also complete a debriefing questionnaire.

Scoring

1. Is the scoring procedure defined?
2. Is there a global score for overall questions?

Interpretation

2. Are there any reference data or other guidelines for estimating sample size when designing a trial?
3. Is there a global question or a global measure of overall questionnaire?
4. Is there, or is it necessary to provide, an open-ended question about ‘other factors affecting your questionnaire, not covered
above’?
5. Are treatment side effects covered adequately? It is likely that few, if any, instruments will be found to satisfy all these
requirements and, for many instruments, much of the required information may be unreported and unavailable. A judgment
must be made as to the adequacy of the documented information and the suitability of the instruments.

Source: (Bryman, 2008; Fayers and Machin, 2007 and Krippendorff, 2004)
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Table 4.5

Validation process of the questions of the survey
Criteria from different authors

Types of questions asked in this research

Process of modification: this research

Content Validity:
Definition: Content validity concerns the extent to which the items are
sensible and reflect the intended domain of interest; relates to the adequacy
of the content of an instrument in terms of the number and scope of the
individual questions that it contains (Fayers & Machin, 2007; Mertens, 2005
and (Krippendorff, 2004).
Process: Content validation involves the critical examination of the basic
structure of the instrument, a review of the procedures used for the
development of the questionnaire, and consideration of the applicability to the
intended research question. In order to claim content validity, the design and
development of an instrument should follow rigorously defined development
procedures (Fayers & Machin, 2007; Mertens, 2005 and (Krippendorff, 2004).

The instrument or questionnaire survey used in the present study is a
combination of a closed and open questions.
It covered the types of questions involving technology use, formal training in
technology, types of professional development undertaken by teachers, the
need for professional development, successes in using technology in
mathematics teaching, barriers in using technology, beliefs and conceptions
in using and not using technology in mathematics.
The open-ended questions addressed challenges that are likely to be
addressed in schools for successful outcomes in using technology.

All questions were critically analysed and evaluated in the
process of development, including 2 pilot testings of the first
draft of the questionnaires. Wordings, grammar, question
style, content, setting out of questions (i. e., the use of Likert
Scale) were examined by the mathematics experts (i.e.,
professors and teachers).
The questionnaire used in the present study conform with
Fayers & Machin (2007) notion of reviewing the instrument
to ensure that it appears to be sensible and covered all of
the relevant issues.

Face Validity
Definition: Face validity is ‘obvious’ or ‘common truth.” We appeal to face
validity when we accept research findings because they ‘make sense’, that is,
they are plausible and believable on their face usually without having to give
or expecting to hear detailed reasons (Krippendorff, 2004).
Process: Face validity might be established by asking other people whether
the measures are getting at the concept that is the focus of attention. In other
words, people, possibly those with expertise in a field, might be asked as
judges to determine whether on the face of it the measures seem to reflect the
concept concerned. Face validity, is therefore, an essentially intuitive process
(Bryman, 2008).
Process: Face validity involves checking whether items in an instrument
appear on the face of it to cover the intended topics clearly and
unambiguously; face validity is closely related to content validity and is often
considered to be an aspect of it. The main distinction is that face validity
concerns the critical review of an instrument after it has been constructed,
while the greater part of content validation consists of ensuring that
comprehensive and thorough development procedures were rigorously
followed and documented (Fayers & Machin, 2007).

The instrument used in this study described the a review of published data
or literature and interviews with expertise in the field of mathematics,
technology and education.

The researcher included a wide variety of individuals in pilot testing
including 15 Mathematics/Statistics Lecturers of the University of
Wollongong, 19 participants of the AAMT2005 Conference (13 high
school
mathematics teachers, one statistician, 5 educational
multimedia managers; 12 mathematics teachers/head teachers, 3
experts in mathematics (Professor from the USA, School Head from
Solomon Islands), a Manager of the VCCA (Victorian Curriculum
Assessment Authority), Melbourne, Victoria, Australia and 2 first year
English teachers of the New South Wales Department of Education
and Training, New South Wales, Australia. The latter were
specifically included in the review process to check the wording and
sentence structure of the final instrument
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Table 4.6
Steps

Steps of the development of the questionnaire

Sections

Dates

Conference/workshops/seminars/pilot testing

No. of
respondents

Outcome

1

2 -3 December
2004

Statistics and Finance Workshop 2004, University of Wollongong,
Australia

15

Content validity: Four broad questions
were asked about mathematics

2

17-20 January
2005

Australian Association of Mathematics Teachers (AAMT) 2005
Conference, University of Technology, Sydney

19

Content validity : Five broad questions
were asked including: approach to
teaching mathematics, beliefs about
teaching mathematics and use of
technology in teaching mathematics

3

7-9 July 2005

Mathematics Education Research Group of Australasia (MERGA) 28
Conference, Royal Melbourne Institute of Technology (RMIT), Melbourne,
Australia

3

Content Validity:

Pilot Testing, two mathematics teachers, New South Wales Department
of Education (NSWDET), Australia

2

4

10 August 2005

5
6

13 August 2005
Section
1:
PD

Pilot Testing, two first year English Teachers, NSWDET, Australia
Donald’s study (1998)
Literature review for items in professional development for using
technology in mathematics.

Changes in the type of questions
asked, for example: from ‘How many
years have you used computers in the
mathematics classroom?’ to ‘Number
of years using computers in
mathematics’.
Content validity:
Clarifying the questions for content and
accuracy.
2

Content validity: Sentence structure
Content and face validity: Professional
Development, Q7 (linked to ‘intent’ to
use technology in Chapter 1 Model)
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7

Donald’s study (1998): Literature review for items in barriers to computer
use.

Content and face validity: Barriers
(Q10). Linked to model in barriers

8

ACCOT Program (1998): Literature review for items in barriers to
computer use.

Barriers (Q10). Linked to model in
barriers

9

Ministerial Advisory on Quality Teaching (MACQT)(1997)

PD (preferred trainer)[Q11]

10

Sulla (1998): Donald (1999)

PD (preferred trainer) [Q11]

11

Mawson (1999): Literature review for items in Question 11, preferred
sources of trainers for using technology in mathematics.

PD (preferred trainer) [Q11]

Wood et al’s study (2003): Literature review for items in beliefs.

Section 2: Beliefs (Nature of
Mathematics): as components, models
and life

13

Board of Studies K-10 Mathematics Syllabus 2002, NSW

Belief Questions (Q12)

14

Perry et al (1999)

Belief Questions (Q12)

12

Section
2:
Beliefs

15

19 August 2005

Interview with the Mathematics Manager of Victoria

1

Additional information included in the
questionnaire, Q15 and 16 (for
example, Q16c, planning the
development of staff)

16

16-17 September
2005

Mathematics Association of New South Wales (MANSW) Conference,
Wollongong, Australia

1

Content validity: Addition of Section 4,
Questionnaire for Mathematics Head
Teacher

17

Sections
1,2, 3 & 4

Revised more than ten times by my supervisors and myself for content,
layout and overall presentation

Face and content validity: Refinement
of questions and codes in Section 1
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18

5 October 2005

First Pilot Testing of the Questionnaire Survey, Priority Funding School,
NSWDET, Australia

4

Face and content validity: Modified
Question 1 in Section 1 to ‘What is
your school classification?’

19

15 October 2005

Second Pilot Testing of the Questionnaire Survey, Technology High
School, NSWDET, Australia

8

Face and content validity: There were
no further revisions to the
questionnaire.

20

Final Revision for sending to selected schools for the study
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Fayers and Machin (2007) postulated that:
Comprehensive coverage is one of the more important aspects of
content validity, and the entire range of relevant issues should be
covered by the instrument. The extent of item coverage is not
amenable to formal statistical testing, and depends largely upon
ensuring that the instrument has been developed according to a
rigorous pre-defined methodology. The item generation process
should include input from specialists in the area, a review of
published data and literature, and interviews with experts in the field
of enquiry. Evidence of having followed formal, documented
procedures will tend to support claims regarding the content validity
of the instrument (p. 79).
4.3.1.2

Types of questions used

The choice of questions depends on the study’s objectives and the
characteristics of the target population, and it is important for the questions to
be extensively validated (Fayers and Machin, 2007). The issue of how
questions should be asked is of crucial concern for the survey researcher in
order to obtain valid data. One of the most significant considerations for many
researchers is whether to ask a question in an open or closed format. A closed
question is one, in which respondents have to choose an answer from a
predetermined list. In an open question respondents can reply however they
wish (Bryman, 2008; Fayers and Machin, 2007 and Gillham, 2000). The types
of questions used in this research are a combination of closed and open-ended
questions.
4.3.1.3

Establishing face validity and content validity

The basis of the researcher’s question development in this study in terms of
‘content validity’ and ‘face validity’ (refer to Table 4.5) has been the undertaken
according to the validation process for questions recommended by Gillham
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(2000) and Fayers and Machin (2007). The steps of establishing content and
face validity appears in Table 4.6.
4.3.1.3.1 Statistics and Finance Workshop 2004, University of Wollongong,
Australia

The process of questionnaire development began at a workshop, Research
Methods: Workshop 2004. Participants were asked to answer four broad
questions on their ideas about mathematics. The questions were:
1.

What is it to be a mathematician or statistician?

2.

What do you do as a mathematician or statistician?

3.

What is your belief as a mathematician or statistician in terms of teaching
and learning?

4.

Why would you use technology when teaching mathematics or statistics?
The purpose, venue and respondents are summarised in Table 4.7.

Table 4.7

The initial development the questions

Face Validity/Content Validity
Purpose of developing the
questions

To find out what do mathematicians and
statisticians think about the nature of
mathematics and how it should be taught

Item/Question Number
Improved or Changed

The questionnaire has its conception from four
broad questions that were handed out to
University Professors and Lecturers in
Mathematics and Statistics on a workshop
presentation of my thesis proposal.

Venue/Respondents of
Question Development

Research Methods: Statistics and Finance 2004
Workshop, The University of Wollongong,
Research Proposal Presentation

Outcome of Question
Development

19 participants of the workshop answered the 4
questions in 10 minutes providing
recommendations to improve the questionnaire

(Expert Analysis)
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4.3.1.3.2 Australian Association of Mathematics Teachers (AAMT) 2005
Conference, University of Technology, Sydney

A summary of the second step in establishing the face and content validity of
the questions regarding the beliefs is presented in Table 4.8. Based on the
mathematicians in Step 1, the AAMT teachers were asked reworded set of
questions (refer to Table 4.9).
Table 4.8

Second stage of question development

Face Validity/Content Validity
Purpose of developing the
questions

To improve the type of questions that will be
asked to participants.

Item/Question Number
Improved or Changed

The questions in the initial step in Table 4.9
were changed to 5-open-ended questions to
suit the participants’ academic and professional
background. The participants at the conference
included high school teachers, head teachers,
consultants, applied mathematicians, pure
mathematicians, statisticians, university
lecturers and business people.

Venue/Respondents of
Question Development

AAMT (Australian Association of Mathematics
Teachers) 2005 Conference, UTS, Sydney, 20
participants who attended the researcher’s
workshop presentation.

Outcome of Question
Development

19 participants of the workshop answered the 5
questions providing recommendations to
improve the questionnaire.

Five open ended questions, rather than four in step 1 were given to the
participants of the AAMT conference. See Table 4.9.
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Table 4.9

Types of questions asked between the two workshops and
conference
STEP 1

Research Methods:
Statistics and Finance 2004
Workshop

STEP 2

AAMT 2005 Conference

Indicate if you are a high school teacher, head
teacher, consultant, applied mathematician,
statistician, university lecturer or other. Put a
cross (x) in the space provided.
1

High school teacher

2

Head teacher

3

Consultant

4

Applied Mathematician

5

Pure Mathematician

6

Statistician

7

University Lecturer

8

Others

1. What is to be a
mathematician or
statistician?

1. What do you think mathematics/statistics is
about?

2. What do you do as a
mathematician or
statistician?

2. What is your approach to teaching
mathematics/statistics?

3. What is your belief as a
mathematician or statistician
in terms of teaching and
learning?

3. What are your beliefs about teaching and
learning of mathematics/statistics?

4. Why would you use
technology when teaching
mathematics or statistics?

4. What do you aim to achieve when you are
teaching mathematics or statistics?
5. Why would you use technology when
teaching mathematics or statistics?
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The participants of the 2004 workshop were asked the question, ‘What is to be
a mathematician or statistician?’ This question was revised for participants of
the AAMT2005 conference: ‘What do you think mathematics/statistics is
about?’. An additional question was formulated in the AAMT 2005 conference:
‘What do you aim to achieve when you are teaching mathematics or statistics?’
The new face of the questionnaire was used at the AAMT 2005 conference. The
participants’ responses are presented in Table 4.10.
Table 4.10

Sample questions and answers (AAMT 2005 conference)

Question 1: What do you think mathematics/statistics is about?
Answers:
“it is a necessary component which must have a real purpose and be used in
conjunction with another relevant subject e.g. science, and must be taught
mathematically and accurately”
“all students learn in different ways”
“teaching concepts and encourage inquiry”
“develop a love of learning”
“enhances student’s ability to think and solve problems”
“playing with numbers’
Question 2: Why would you use technology when teaching mathematics/statistics?
Answers:
“because it is a tool students will be using after graduating from school, it is quick,
motivating and labour saving”
“it is a tool for learning that provides access to huge amount of resources”
“fun and can do what we can’t in the white board”
“to enhance concepts visually interesting”
“show patterns and trends”
“it can effectively enhance student learning specially in geometry”
“to estimate and check answers”
“to support and enhance student learning”

The answers to the questions in Table 4.10 form as the basis to generate
questions on professional development for using technology in mathematics
teaching and the beliefs/conceptions in mathematics teaching and learning and
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using technology. For example when the respondents answered that
“mathematics enhances student’s ability to think and solve problems” and “the
use of technology in mathematics is a tool for learning that provides access to
huge amount of resources”. These comments served as the basis for
formulating questions of this research.
The responses of the participants from the AAMT2005 conference was the
starting point for laying out the questions of the survey. The researcher divided
the questions into four sections.
Section 1: Professional development for using technology in mathematics.
Section 2: The beliefs/conceptions in mathematics teaching and learning and
using technology (computers).
Section 3: Technology use and practices.
Section 4: Mathematics head teachers’ questions.
4.3.1.3.3

MERGA 2005 Conference

A comparison of the questions formulated in Section 1 of the survey is
presented in Table 4.11.
Three participants of the Mathematics Education Research Group of Australasia
(MERGA 28) Conference in 2005 consented to participate in a pilot testing of
the questionnaire. The respondents were two mathematics professors: a
Professor of Mathematics in the USA and Head of School of Mathematics from
Solomon Islands. One was a Mathematics Head Teacher from Queensland.
They were given the draft of the questionnaire and time to respond to all the
questions. After administering the questions at the MERGA2005 conference,
‘cognitive pilot testing’ was carried out to identify problems in question
comprehension, memory recall, selecting responses and reaction to sensitive
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questions (Gerber, 2002, Second Workshop for Improving Disability Statistics
and Measurement,
Table 4.11

Section 1: Professional Development for Using Technology in
Mathematics
Questions Modifications

Old Version

MERGA2005 Version

Pilot Testing Version

AAMT 2005

(Head teachers, n=1)

(Technology HS , n=8)

(Maths Professors from USA &
Solomon Island, n=2)

(Priority
n=4)

1. What state or country you
are from?

1. What is your school
classification?

2. Position

2. Position

3. Number of years teaching
maths?

3. Number of years
teaching mathematics?

4. Number of years using
computers in mathematics
teaching.

4. Number of years
using computers in
mathematics teaching.

5. What formal training you
have had in computer
technology?

5. What formal training
have you had in
computer technology?

6. What types of professional
development or in-service
programs have you participated
over the past 3 years in order
to prepare to use computers in
teaching?

6. What types of
professional development
or in-service programs
have you participated
over the past 3 years in
order to prepare to use
computers in teaching?

1. Position
2. Number of years teaching
mathematics.
3. Have you used computers in
classroom mathematics
teaching?
4. How many years have you
used computers in the
mathematics classroom?
5. What formal training you
have had in computer
technology?
6. What types of professional
development or in-service
programs have you participated
over the past 3 years in order to
prepare to use computers in
teaching?

Funding

HS,

Bangkok, 2004, p. 7). Two English teachers in their first year of teaching at a
public high school in the NSWDET (Australia) agreed to participate in the pilot
testing of the questions. They were given the questions to answer in a 20minute time period. During this period they were allowed to clarify questions
they did not understand. This allowed the researcher/observer to identify
questions that needed to be clarified.
4.3.1.4

Beliefs: the evolution of Section 2 questions

The evolution of questions in Section 2, the surveys on beliefs of mathematics
teachers was patterned on Wood et al’s (2003) study about mathematics,
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considered as: ‘a component’, ‘about models’ and ‘related to life’. The
researcher combined the model used by Wood (2003) and the analysis of pilot
data collected from the conference AAMT (2005) to develop the question in
Section 2. Table 4.12 shows the comparison of the two models that contributed
to the formulation of the questions in Section 2 (beliefs/conceptions of
mathematics teachers using technology).
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Table 4.12

Evolution of Section 2 Questions: Face Validity and Content Validity
Models compared to generate Section 2: Beliefs About Mathematics teaching Using Technology

Wood’s Model (ComponentModels-Life)
Components
Students see mathematics as
made up of individual
components.
Models
Students see mathematics as
being about building and using
models, translating some
aspects of reality into
mathematical form.
Life
Students view mathematics as
an approach to life and a way of
thinking.

AAMT2005 Model (Jigsaw Puzzle-Patterns-Reality

Generated

Jigsaw Puzzle
Teachers believed that mathematics is a discipline made up of many units
together like a jigsaw puzzle that incorporates the study and application of
number and algebra, geometry, chance and data in both theoretical and
practical ways.
Patterns and Relationships
Teachers see mathematics as using numbers. Models and patterns to be able
to make decisions. It is about data collection, storage, displaying, analyzing,
interpreting, evaluating and reporting for a specific purpose.
Reality and Learning to Think
Teachers see that mathematics is giving quantitative understanding of reality
and a way of learning how to think.
Problem Solving
Teachers see mathematics as a tool to solve and interpret problems.
Use of technology when teaching computers
“because it is a tool students will be using after graduating from school, it is
quick, motivating and labour saving”
“it is a tool for learning that provides access to huge amount of resources”
“fun and can do what we can’t in the white board”
“to enhance concepts visually interesting”
“show patterns and trends”
“it can effectively enhance student learning specially in geometry”
“to estimate and check answers”
“to support and enhance student learning”

Mathematics is made up of individual components that
incorporate the study and application of number, algebra,
geometry, calculus, collection of data and graphs.
Mathematics is about building and using models using data
collection, translating some aspects of reality into mathematical
form.
Mathematics is a way of life and a way of thinking.
Mathematics is describing the world in front of us.
Mathematics is a tool for problem solving.
Mathematics is remembering facts, rules and learning by rote.
Mathematics is fun.
Students need to be encouraged to enjoy learning.

The use of computer technology in the classroom enhances
student learning.
Students who have been exposed to computer technology in the
classroom will do better on tests than those who haven’t.
Using computer technology, teachers reduce time in presenting
lessons and can move through material more rapidly.
The use of computer technology helps students develop higherorder skills.
When teachers use computers in the classroom, they are able to
spend more time on concepts rather than routine computational
skills.
The use of computer technology provides access to huge
amount of mathematics resources.
Computer technology use provides students with a greater
motivation to solve problems.
The use of computer software can make understanding clearer
through graphs, presentations and simulations.
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One additional participant completed the questionnaire at the Mathematics
Association of New South Wales (MANSW) conference in 2005. At this stage
an additional section was added, Section 4, Questionnaire for Mathematics
Head Teachers, which included 7 items to be answered by mathematics head
teachers.
4.4

The final questionnaire

This section provides the presentation of the questionnaire in its final form. The
sections are divided into four categories reflecting the items in the model used
in this research.
1.

Professional

development

termed

as

‘knowledge’

or

‘behavioural

intentions’ in the model (Section 4.4.1);
i.

Question on ‘barriers’ to technology use (Section 4.4.2)

ii.

Question on ‘preferred trainers’ in the use of technology in
mathematics (Table 4.16)

2.

Beliefs termed as ‘behavioural beliefs’ (Section 4.4.2);

3.

Professional development needs in relation technology use and
instructional practices modelled as ‘control beliefs’ (Section 4.4.3); and

4.

Questions for mathematics head teachers regarding technology in their
schools.

4.4.1 Section 1: Professional development
Professional development used in this thesis is represented by the term
‘knowledge’. The questionnaire included personal factual questions to gain
information on the respondents:
1.

School classification;

2.

Position in school;
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3.

Number of years teaching mathematics;

4.

Number of years using computers in mathematics teaching;

5.

Formal training in computer technology; and

6.

Types of professional development with technology undertaken over the
last three years.

Many of the questions pertaining to knowledge shown in Table 4.13 were
derived from readings of studies from the UK, USA and educational policy
documents from Australia. For example, Donald’s (1998) study in the USA on
mathematics teachers’ professional development in the use of software
packages asked questions of the type of schools (whether urban or rural
setting), number of years teaching mathematics with computer use, professional
development undertaken in the use of technology in teaching, formal training in
teacher education and training on software packages (i.e., MSWord and
MSExcel).
The researcher chose appropriate questions to suit an Australian setting. For
example, questions 1-6 of Section 1, Professional Development for Using
Technology in Mathematics, in Table 4.13.

Question 7 and its many sub-parts shown in Table 4.14 were based on the
collected data pertaining to access of packages available in their schools,
training on various software packages, whether or not further training was
needed in software packages and usage of these packages in the classroom.
The questions were presented in table form because they included multiple
questions. The respondents were specifically asked to tick if the answer is ‘yes’,
and cross if the answer is ‘no’. The third column “I have had training on this
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package” of Table 4.14 was linked to the model in Chapter 1 as an ‘intent’ or
‘behavioural intention’ to use technology in the classroom.
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Table 4.13

Section 1: Professional Development for Using Technology in Mathematics

Section 1 – Professional Development for Using Technology in Mathematics
The purpose of this questionnaire is to gain information regarding the needs of teachers of Mathematics who wish to integrate technology into the teaching of
Mathematics.
Please encircle the correct response(s) or provide answer (answers) where indicated.
1.

What is your school
classification?

2.

Position:

Comprehensive High School
Multi-Campus Colleges
Rural/Country High School
Selective High School
Partially Selective HS
Community School
Priority School Funding
Secondary Colleges
Central High School
Technology High School
Sports High School
Agricultural High School
Other, please specify
______________________

0
1
2
3
4
5
6
7
8
9
10
11
12

Mathematics teacher

0

Mathematics head teacher

1

Other, please specify

2

______________________
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3.

Number of years
teaching
Mathematics?

4.

Number of years
using computers in
Mathematics
teaching?

5.

What formal training
have you had in
computer
technology?

6.

What types of
professional
development or inservice programs
have you participated
in over the past three
years to use
computers in
teaching?

Less than one year
1-5
6-11
12-17
18-23
24 and over

0
1
2
3
4
5

Not used
Up to 5 years
6 – 11
12 – 17
18 – 23
24 and over

0
1
2
3
4
5

Undergraduate studies
Postgraduate studies
Other, please specify
____________________

0
1
2

Conference Workshops
School based staff development
Department sponsored training
District sponsored in-service
Formal certificates, TAFE
Self training
Other, please specify

0
1
2
3
4
5
6

___________________
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Table 4.14

Section 1: Professional Development for Using Technology in Mathematics, Question 7

7. For each of the following packages please tick if yes, cross if no [questions a, b and c] or specify if applicable [questions d and e].
(a) Package
is
available
in your
school
Microsoft
Word

(b) I have had
training on this
package

(c) I want further training so
that I can use this
package in the
classroom

(d) Have used this package in teaching
e.g. Years 7, 8, 9,10 & Year s 11-12
General Maths) Please specify

i.
ii.
iii.

Microsoft
Access

i.
ii.
iii.

Microsoft
Excel

i.
ii.
iii.

Microsoft

i.

FrontPage

ii.
iii.

Power Point

i.

(e) Topic
(e.g. Statistics, graphs,
geometry, algebra, calculus,
etc.)
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ii.
iii.
Desktop
Publisher

i.
ii.
iii.

Microsoft
Paint Shop

i.
ii.
iii.

The Internet

i.
ii.
iii.

Programming

i.

(HTML,
DHTML,
C++, etc)

ii.

Other,
specify

i.

iii.

ii.
iii.
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Question 8 was an open-ended question to discover which software packages
teachers wanted their school to acquire for the purposes of using in the
classroom. The question is ‘What other software packages would you like your
school to purchase and for what purpose would you use this? Please specify.’
Question 9. This question is linked to the model in Chapter 1 as professional
development or ‘knowledge’. The question asked if teachers need ongoing
support for technology use. The question is ‘Do you require any other ongoing
support for your inclusion of computers into the teaching of Mathematics?
Please specify.’
Question 10 aimed to gather information from the teachers as to perceived
barriers preventing them from using technology in the classroom. (Refer to
Table 4.15).
Table 4.15

Section 1: Question on Barriers to Using Technology in
Mathematics

10. In the table below, please mark a tick on the space provided to answer the questions.
SA (Strongly Agree) = 5; A (Agree) = 4; U (Undecided) = 3; D (Disagree) = 2; SD (Strongly Disagree) = 1

The following prevent me from using computers in the classroom.
Items

a.

access to computers

b.

access to computer labs

c.

classroom management in using computers

d.

technology support

e.

lack of time to undergo training

f.

compatibility of software and hardware

g.

not confident in using the software

h.

lack of knowledge of teaching strategies using

5

4

3

2

1

SA

A

U

D

SD
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computers
i.

inability to trouble-shoot problems with
computers

j.

lack of lesson plans using computers in
Mathematics

k.

If there are any others please specify___________________________

The barriers are interpreted as ‘control beliefs’ in the Fishbein and Ajzen’s
model in Chapter 1, Figure 1.3. These questions drew on ideas from Donald’s
(1998) study which identified the following barriers to using technology: lack of
adequate lesson preparation and resources; insufficient training in computer
use; the lack of availability of technical people on site; and, the lack of hands-on
training computer training. Items were also drawn from the ACCOT Program
(which ran from 1985 to 1995) in the US, which documented reasons why
teachers do not choose to use technology in the classroom. The identified
reasons for not using technology included lack of training, lack of access to
computers and computer labs and lack of time to undergo training in computers
(Sandholtz et al, 1997). A 5-point Likert Scale was used to obtain the
respondents agreement with or disagreement with the items representing
barriers. These were rated from strongly agree to strongly disagree. A Likert
Scale is essentially a multiple indicator or multiple item measure of a set of
attitudes relating to a particular area (Bryman, 2008, p.146), such as the items
in the barriers to technology use used in this research. Other scales can be
used such a 3 or 7-point scales. A 5-point scale was chosen so that a high level
of intensity of feeling about the barriers to computer use in teaching
mathematics could be ascertained, the negative and positive feelings of the
respondents of this inquiry.
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Question 11 was termed as ‘professional development needs’ in the model
presented in Chapter one. The items for Q11 were formulated drawing on the
results or outcome of studies, including Ministerial Advisory Council on Quality
Teaching (MACQT)(1997), Donald (1998), Sulla (1998) and Mawson (1999).
The MACQT (1997) study in Australia provided professional development
training initiatives to improve teachers’ computer proficiency in the use of
software packages and lesson planning with computers. It was also designed to
encourage all teachers in Australian government and non-government primary
and secondary schools to integrate computers into their classrooms.
Pedagogical issues were considered of particular importance for both beginning
and practicing teachers in the ability to: generate lesson plans using technology,
match computer applications to specific curriculum content and processes,
evaluate computer software for educational purposes, structure subject
programs and lessons to incorporate useful and appropriate computer activities,
and to evaluate student learning from computer-based activities.
Donald’s (1998), study suggested that professional development supports were
necessary. Comments included in response to the questions in Donald’s study
were:
Lack of on-site personnel to assist with technology.
Teachers who have not indicated interest in using technology need some
level of incentives and support from administrators.
Sulla (1998) identified the need for teachers to have support:
Teachers need adequate support for technology use from administrators.
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while Mawson (1999) provided comments which suggested teachers need
professional development. They were:
Support from technology person or administrators.
Need for more school-based professional development.
These studies suggested that the degree to which teachers integrate computers
into their teaching and student learning is related to: support structures such as
professional development of mathematics and computer teachers, technology
persons and school administrators.
The questions developed asked who the teachers preferred to provide them
with training in technology use. Six choices were presented: Head Teacher,
Computer Teacher, Conference/Seminars, The Internet, District Office and
Education Department Training Program. A Likert Scale was used ranging from
undesirable = 5 to highly desirable = 1.
Table 4.16

Section 1: Preferred Trainers for Using Technology in Mathematics,
Question 11

Question 11. Who would you like to be trained by?

a.

Head Teacher

b.

Computer Teacher

c.

Conference/Seminars

d.

The Internet

e.

District Office

f.

Education Department
Training Program

5

4

3

2

1

Undesirable

Mildly
undesirable

Neutral

Mildly
desirable

Highly
desirable
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4.4.2 Section 2: Beliefs on mathematics teaching and learning, and using
technology
The questions regarding beliefs in Section 2 were based on work of Wood et al
(2003); Perry et al (2000) and education documents such as: Mathematics
Years 7-10 Syllabus Document, Board of Studies, NSW (2002) and Computer
Based Technologies in the Mathematics KLA Policy Document, NSWDET
(1997).
Wood et al (2003) asked university mathematics students four questions using
a phenomenographic approach. Categories describing the variation of the
students’ conceptions of mathematics were suggested.
1.

What do you think mathematics is all about?

2.

How do you go about learning?

3.

What do you aim to achieve when you are learning mathematics?

4.

What do you think it will be liked to work as a qualified mathematician?

Perry et al (2000) used a more extensive set of probes about beliefs as shown
in Table 4.17
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Table 4.17

Perry et al (2000): Teacher Beliefs about Mathematics Teaching

Questionnaire 1 Teachers’ Beliefs about Mathematics Teaching
Please put a

on the box that you think is the most appropriate answer. A (Agree); U

(Undecided) and D (Disagree).

Questions
1.

Mathematics is computation.

2.

Mathematics given to students should be quickly solvable in few steps.

3.

Mathematics is the dynamic searching for order and pattern in the learner’s environment.

4.

Mathematics is a beautiful, creative and useful human endeavour that is both a way and
knowing and a way of thinking.

5.

Right answers are much more important in mathematics than the ways in which you get
them.

6.

Mathematics knowledge is the result of the learner interpreting and organizing the
information gained from experiences.

7.

Students are rational decision makers capable of determining themselves what is right and
wrong.

8.

Mathematics learning is being able to get the right answers quickly.

9.

Periods of uncertainty, conflict, confusion and surprise are a significant part of learning
process.

10

Young student are capable of much higher levels of mathematical thought than has been
suggested traditionally.

11

Being able to memorise facts are critical in mathematics learning.

12

Mathematics learning is enhanced by activities which build upon and respect students
experiences.

13

Mathematics learning is enhanced by challenge within supportive environment.

14

Teachers should provide instructional activities which result in problematic situation for
learners.

15

Teachers or the textbook – not the student – are the authorities for what is right and wrong.

16

The role of mathematics teacher is to transmit mathematical knowledge and to verify that
learners have received this knowledge.

17

Teachers should recognize what seem like errors and confusions from an adult point of view
are students’ expressions of their current understanding.

18

Teachers should negotiate social norms with the students in order to develop a cooperative
learning environment in which students can construct their knowledge.

A

U

D

Source (Perry et al, 2000). Beliefs of Primary Teachers about Mathematics and its Teaching and Learning: Views from
Singapore, Philippines, Mainland China, Hong Kong and Australia. (Permission from the authors was granted to the
researcher in 2004 to use the questionnaire)
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Education documents: Along with education policy documents in the NSW, the
implementation of the Mathematics K-10 Syllabus (Board of Studies, NSW,
2002). The policy document Mathematics K-10 Syllabus stated the main
purpose of mathematics was: to develop knowledge, skills and understanding of
students through inquiry, application of problem-solving strategies including the
selection and use of appropriate technology, communication and reflection:
1.

in mental and written computation and numerical reasoning;

2.

in patterning, generalisation and algebraic reasoning;

3.

in collecting, representing, analysing and evaluating information;

4.

in identifying and quantifying the attributes of shapes and objects and
applying measurement strategies and

5.

in spatial visualisation and geometric reasoning (Mathematics K-10
Syllabus Board of Studies, NSW, 2002, p. 11).

and students will learn to:
6.

appreciate mathematics as an essential and relevant part of life;

7.

show interest and enjoyment in inquiry and the pursuit of mathematical
knowledge, skills and understanding;

8.

demonstrate confidence in applying mathematical knowledge, skills and
understanding to everyday situations and the solution to everyday
problems;

9.

develop and demonstrate perseverance in understanding mathematical
challenges and
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10.

recognise that mathematics has been developed in many cultures in
response to human needs (Mathematics K-10 Syllabus Board of Studies,
NSW, 2002, p.11).”

The questions developed and presented in Tables 4.18 differ from Perry et al
(2000) in terms of the number of categories in the Likert Scale. Perry et al’s is a
three point-scale, while the present research included five-point scale. In
addition the beliefs about the present study included eight questions about
beliefs regarding the ‘use of technology’ in mathematics (questions j to p) in
Table 4.18.
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Table 4.18

Section 2: Your Beliefs/Conceptions in Mathematics Teaching and Learning and Using Technology (Computers), Question 12,
a, b, c and d

Questions

a.

Mathematics is made up of individual components that incorporate the study and application of number, algebra,
geometry, calculus, collection of data and graphs.

b.

Mathematics is about building and using models using data collection, translating some aspects of reality into
mathematical form.

c.

Mathematics is a way of life and a way of thinking.

d.

Mathematics is describing the world in front of us.

e.

Mathematics is a tool for problem solving.

f.

Mathematics is remembering facts, rules and learning by rote.

g.

Mathematics is fun.

h.

Students need to be encouraged to enjoy learning.

i.

The use of computer technology in the classroom enhances student learning.

j.

Students who have been exposed to computer technology in the classroom will do better on tests than those who
haven’t.

k.

Using computer technology, teachers reduce time in presenting lessons and can move through material more rapidly.

l.

The use of computer technology helps students develop higher-order skills.

5

4

3

2

1

SA

A

U

D

SD
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m

When teachers use computers in the classroom, they are able to spend more time on concepts rather than routine
computational skills.

n.

The use of computer technology provides access to huge amount of mathematics resources.

o.

Computer technology use provides students with a greater motivation to solve problems.

p.

The use of computer software can make understanding clearer through graphs, presentations and simulations.
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Question 13 was an open-ended question used to capture other possible
beliefs or perceptions regarding teaching mathematics with computers.
13. In your own words teaching mathematics with computers is …

Question 14 collected information on the teachers’ most successful use of
computers in the teaching of mathematics, the question is:
14. Describe your most successful use of computers in the teaching of Mathematics.

4.4.3 Section 3: Professional development needs in relation to
technology use and instructional practices
This section relates to the preferred trainer of mathematics teachers in
professionally developing their skills and knowledge using technology in the
classroom. This was also considered to be instances of ‘control beliefs’ in the
model in Chapter 1, Figure 1.3.
Question 15 collected information on who in the school helps the teacher
integrate computer technology into their teaching. See Table 4.19.
Question 16 asked teachers who should fulfill this role. See Table 4.20.
Question 17 asked teachers how the integration of technology occurred in their
school.
17. How is the integration of computer-based technology into the teaching of
Mathematics accomplished in your school?

Question 18 asked teachers to explain any successful outcome that had
occurred as a consequence of implementing technology in their school.
18. Have you observed any successful outcomes as a result of integrating computerbased technology to your teaching? Please specify.

Question 19 is the final question that asked teachers if there are any
challenges to overcome in order to integrate technology into teaching.
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19. Finally, are there any other challenges that need to be addressed in your school in
order to have mathematics teachers integrate computer-based technology into
teaching? If so please specify.
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Table 4.19

Section 3: Technology Use and Instructional Practices, Questions 15

Section 3: Technology Use and Instructional Practices
15. Who in your school FULFILS the role of assisting you to integrate computer technology into mathematics teaching? You may tick more than one box.

Role

a.

Encouraging you to try

b.

Providing an incentive for staff to use computer
technology if they do not use it

c.

Planning the development of staff

d.

Providing staff development

e.

Providing classroom computers

f.

Providing timetabled Mathematics access to
laboratories

g.

Planning for integrating computer technology
into teaching

h.

Maintaining the software & hardware

i.

Developing lesson plans integrating computer-

1

2

3

4

5

6

7

8

School
Executive

Head
teacher

Computer
Coordinator

Technical
Support
person

Peer

Teacher

No
one

Other

themselves
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based technology into Mathematics
j.

Developing new assessment methods

k.

Developing new educational approaches

l.

Collaborating between the key players (parents,
teachers, students, community, school principal,
school superintendents, and technology
consultant)
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Table 4.20

Section 3: Technology Use and Instructional Practices, Question 16

Section 3: Technology Use and Instructional Practices
Question 16. Who in your school

SHOULD fulfill the role of _________assisting you to integrate computer technology into mathematics teaching? You may tick

more than one box.
Role

a.

Encouraging you to try

b.

Providing an incentive for staff to use computer
technology if they do not use it

c.

Planning the development of staff

d.

Providing staff development

e.

Providing classroom computers

f.

Providing timetabled Mathematics access to
laboratories

g.

Planning for integrating computer technology
into teaching

h.

Maintaining the software & hardware

i.

Developing lesson plans integrating computer-

1

2

3

4

5

6

7

8

School
Executive

Head
teacher

Computer
Coordinator

Technical
Support
person

Peer

Teacher

No
one

Other

themselves
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based technology into Mathematics
j.

Developing new assessment methods

k.

Developing new educational approaches

l.

Collaborating between the key players (parents,
teachers, students, community, school principal,
school superintendents, and technology
consultant)
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4.5

Ethical issues

Confidentiality, anonymity and consent from individuals who agree to be a part
of any research are ethical considerations to be addressed when conducting
research. For instance, the privacy of individuals should be protected for legal,
personal and/or health reasons. The term confidentiality means that the privacy
of the individuals will be protected and that the data they provide will be handled
and reported in such a way that it cannot be associated with them personally
(Bryman, 2008 and Mertens, 2005). Anonymity means that no uniquely
identifying information is attached to the data, and that no one, not even the
researcher, can trace back the individual from the data provided (Bryman, 2008
and Mertens, 2005).
In this study a consent form was provided by the researcher to the participants
in the research. Permission to conduct a study is secured from the proper
authorities prior to commencing the study (Bouma, 2000). Some records or data
are sensitive in nature, so they should be kept confidential to protect the identity
of the school and the teachers. The researcher in undertaking this research
collected anonymous data through questionnaire survey. To address the ethical
issues of confidentiality, anonymity and consent, the researcher conformed to
the requirements of the Ethics Committee of the University of Wollongong.
In the first part of the study, the researcher sought permission in writing from the
Human Research Ethics Committee at the University of Wollongong and was
granted the approval to conduct the study. Subsequently, the researcher used
the approval from the university to obtain permission from the NSWDET to
conduct the research in the NSW public schools. These permissions were
needed before seeking the permission of the principal of selected high schools.
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A letter of consent explaining the purpose of the study was mailed to the head
teachers and teachers who might wish to participate in the study. Confidentiality
and anonymity were clearly explained to the respondents of the survey. For
further details, please see Information for Participants (Appendix 1), Consent
Form (Appendix 4), Letter to the Principal (Appendix 5) and letter to the
mathematics head teacher /mathematics teacher (Appendix 6).
4.6

Study 1

The purpose of the first study was to explore the use and non use of technology
in secondary mathematics teaching. To assist in this investigation, it was also
necessary to examine the:
1.

Experiences of mathematics teachers in integrating technology into
teaching and learning;

2.

View of mathematics teachers on mathematics using and not using
technology;

3.

Belief of mathematics teachers about the nature of mathematics; and

4.

Factors that inhibit technology use in the mathematics classroom.

The results of the first data analysis did not adequately explain teachers’ use or
non use of computers. The researcher therefore utilised a ‘research interview’
approach to further collect information from inexperienced and experienced
mathematics teachers.
The second research study included interviews with inexperienced (prospective)
mathematics teachers to discover what learning theories they would use in their
practicum regarding the choices made to teach mathematics with, or without,
technology.
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The third study of the research included interviews with experienced
mathematics teachers to find out what learning theories they used in the
choices they made in teaching mathematics with, or without, technology.
4.6.1 Data collection procedure
The procedure (see Figure 4.4) in the data collection used in the first study
considered the location or site of the study, the accessibility to obtain data,
sampling procedures used, the importance of sending a follow-up letter and the
location where the data is kept.

Figure 4.4
4.6.1.1

Stages in the collection of data
Site of the study

The site of the study is NSWDET public high schools. The population for this
study included 461 high schools and central/community schools. During the
time of the study, there were 395 high schools of which, 294 were
comprehensive high schools (metropolitan and country), were 64 specialist
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secondary schools and were 37 multi-campus colleges. There were also 60
central schools and 6 community schools.
4.6.1.2

Access

In 2005, the researcher was granted permission by the Ethics Committee of the
University of Wollongong and subsequently given approval by the Planning and
Innovation Directorate, NSWDET, to conduct a study with teachers in the
participating high schools.
4.6.1.3

Sampling and sampling procedure

4.6.1.3.1

Population

Government schools and high schools in the NSWDET in Australia have a
diverse range of school classifications, different settings and students with
different multicultural backgrounds of students and schools.
4.6.1.3.2

Sampling

According to Marshall and Rossman (1995), well-developed sampling decisions
are crucial for any study’s soundness. When the population is very large or
geographically spread out an appropriate sampling procedure is ‘multi-stage
stratified cluster sampling’ wherein clusters instead of individuals are randomly
selected (Onwuegbuzie, Jiao and Bostick, 2004). In cluster sampling, the
population is divided into clusters (subgroups, schools). In cluster sampling all
members of the cluster maybe included in the samples, or some units are then
randomly sampled from each of the selected clusters (Bryman, 2008; Utts and
Heckard, 2007). In this study all mathematics staff members of a cluster (group
of schools) were invited to participate. Refer to Table 4.21 and Figure 4.5.
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Table 4.21

Comparison of the state classification of NSW 2004 with the sample
(N = 26), statewide high schools (N = 395) and central/community
schools (N = 66), frequency and percentage

School Classification

Sample Schools

Population

(Strata)

N = 100

N = 461

1. High Schools
i.

Comprehensive HS

42

294 (63%)

ii.

Specialist Secondary HS

30

64 (14%)

iii.

Multi-Campus Colleges

15

37 (8%)

2. Central/ Community Schools

13

66 (14%)

TOTAL

100

N = 461

The sample was selected from the population of NSWDET public high schools
(n = 395), and central/community schools (n = 66) through a multi-stage
stratified cluster sampling scheme. As indicated in Figure 4.5 the first step
involved adopting a classification of schools as the strata.

Multi-stage Stratified Cluster Sampling

Figure 4.5

Multi-stage stratified cluster sampling
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Step1: Strata identification
The classification of schools provided the 4 strata: (1) Comprehensive High
Schools, (2) Specialist Secondary Schools, (3) Multi- Campus Colleges and (4)
Central/Community Schools. The Comprehensive High Schools were located in
urban and country areas. The second strata were the Specialist Secondary
Schools. This included twelve groups: Agricultural High Schools, Creative Arts
High School, Intensive English High School, Language High Schools, Marine
Technology High School, Performing Arts High Schools, Rural Technology High
School, Senior High Schools, Sports High Schools, Technology High Schools,
Selective High Schools and Partially Selective High Schools. The MultiCampus Colleges included secondary colleges. The Central/Community
Schools included schools that catered for all levels, kindergarten, primary and
secondary schools.
Step 2: Random selection of schools in each cluster
A random selection of clusters (schools) for each stratum was selected. The
samples were adjusted to reach a target of 100 schools included in the survey.
The selection of schools for the Comprehensive High Schools in urban and
county areas, was made systematically every seven schools (294 7 = 42). In
Specialist Secondary Schools, the samples were selected systematically every
second school (64 2 = 32). However, the number was chosen to thirty samples
by eliminating two samples. The samples from Multi-Campus/Colleges were
systematically selected every second school (37 2 = 18.5), but the samples
were reduced to fifteen. For the Central/Community Schools, the samples were
selected systematically every fifth school (66 5 = 13.2) with the thirteen schools
approached.
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Step 3: Approach made to all mathematics teachers
This was accomplished through sending questionnaires to mathematics
teachers with the approval of the principals of the schools.
4.6.1.4

Send questionnaire-first round

The researcher used a self-completion questionnaire to obtain the data from the
respondents. The self-completion questionnaire is sometimes referred to as a
self-administered questionnaire (Bryman, 2008). The questionnaire survey was
divided into four sections as previously detailed: Section 1, Professional
Development for Using Technology in Mathematics; Section 2, Your
Belief/Conceptions in Mathematics Teaching and Learning and Using
Technology (Computers); Section 3, Technology Use and Instructional
Practices; and Section 4, Questionnaire for Mathematics Head Teachers,
mainly comprised of closed-response questions with seven open-ended
questions. This was posted to 100 secondary public schools in the NSWDET.
For study 1, approval to conduct study from the NSWDET was obtained on 4
March 2005. The participating schools were sent letters through the mail during
the first week of November, 2005. Only five schools responded to the survey
with a total number of teachers of 34.
4.6.1.5

Follow-up of the questionnaire-second round

On February 2006, follow-up letters were sent to schools and telephone calls to
principals and head teachers from those schools who did not respond to the
survey questionnaires in November 2005. Responses were obtained from
additional schools (21 schools). The responses can be viewed in Table 4.22.
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Overall, the number of schools who responded to the survey is (n = 26). A total
number of 114 teachers responded including head teachers.
Table 4.22

Responses from sample schools including teachers/head teachers

School Classification

Sample
Schools

Responses from
schools

N = 100

N = 26 and % rate

Responses from
teachers/head
teachers
N = 114 and % rate

1. Comprehensive HS

42

22 (85%)

84 (74%)

2. Specialist Secondary
HS

30

4 (15%)

30 (26%)

3. Multi-Campus
Colleges

15

0 (0%)

0 (0%)

4. Central/ Community
Schools

13

0 (0%)

0 (0%)

TOTAL

100

26 (100%)

114 (100%)

4.6.1.6

Collection and data storage

After receiving the responses from the two rounds, the data from the closed
questions was organised, coded and entered in the SPSS statistics software for
quantitative analysis. Concurrently, the responses from the open questions
were entered and word processed in the computer for thematic analysis.
4.7

Limitations of the first study

The limitations of the first study are:
1.

The study is limited to 114 mathematics teachers/head teachers from 26
public high schools in the NSWDET, Australia who consented to
participate in the study in 2005 and 2006.

2.

Mathematics teachers who have a background or training in computer
technology are more likely to respond to the questionnaire survey while
teachers who are used to traditional way of teaching (none users of
computing technology) might be reluctant to respond to the survey.
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Using appropriate statistical modeling techniques, Chapter 5 will model the use
and non use of computers in the mathematics classroom.
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Chapter 5
Modelling computer use in the
classroom
The relationship between mathematics, teaching and computers are
long-standing and complex (Oldknow & Taylor, 2000)
5.1 Demographic information
Completed surveys were returned from 26 public secondary schools in
NSWDET out of the 100 schools that were invited to participate in the study.
The sample included 114 secondary mathematics teachers who consented to
participate in the survey.
A comparison of the size of the schools responding with the size of the schools
in the population (refer to Table 5.1) found no significant difference between the
sample and population. Chi-square ( 2 4, df
Table 5.1

Sample

Population

2, p 0.08 )

Sample population corresponding to enrolments/size of the
schools
500 or less

501 - 1000

1001 or over

Total

2 (8%)

16 (62%)

8 (30%)

26 (100%)

83 (21%)

243 (61%)

67 (17%)

393 (100%)

No significant difference was found when size was categorized as three groups

Seventy percent of those surveyed are mathematics teachers with mathematics
degree, (n = 80), 22% are head teachers (n = 26) and seven percent (n = 8)
were others comprising teachers who are science trained, mathematics and
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computing trained (rather than just mathematics trained), head teacher teaching
and learning and deputy principal.
In terms of years of teaching experience mathematics teachers have
considerable experience in their profession (refer to Table 5.2). Only 18% of the
teachers responding had five or less years of experience. Thirty four percent of
teachers have 24 or more years of teaching experience; the sample reflects the
aging population of mathematics teachers (Haris and Jensz, 2006, p. 36).
Table 5.2

Number of years teaching mathematics: N=114, frequency and
percentage

Years Teaching
Mathematics

Approximate
Age (assuming
22 start)

Number

Percentage (%) of
Teachers

0-5 years

22-27

21

18%

6-17 years

28-39

29

25%

18-23 years

40-45

22

19%

24 and over

56+

39

34%

missing

3

3%

TOTAL

114

100%

5.2 Simple models predicting computer use
The initial model for examining teachers’ use of technology in the classroom
contained four classes of predictor variables: behavioural beliefs, knowledge,
need and barriers as ‘control beliefs’. (Refer to Figure 5.1).
The four analyses (refer to Figure 5.1) involve predicting computer use from the
four sets of predictor variables: (1) beliefs (section 5.2.1); (2) knowledge
(professional development undertaken) (section 5.2.2); (3) needs (preferred
professional development) (section 5.2.3) and (4) barriers (section 5.2.4).
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Figure 5.1

Simplified model for predicting the adoption of computer use

The logistic regression model is

Log

Pi,
1 Pi

0

1

i1

2

i2

...

k

ik

pi is the same as the probability that the response using computers is yes (or 1)
yi=1 (Allison, 2001, p.13). The expression on the left hand side is referred to as
the logit or log-odds. Binary logistic regressions are used to test models which
predict categorical outcomes with two categories (Pallant, 2007, p.166). In this
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study the two response categories being predicted are: computer use (1) and non
use (0).
In each of the following sections the probability of using computers in the
classroom for different values of the predictor variables will be determined by
evaluating the formula:

P(Use)

e

1 X1

0

1 e

0

Xi are the values of the variables and

2X2

1X1

i

2X2

are the coefficients that contribute

significantly to the model.
Logistic regression analysis of the data was chosen in preference to
discriminant analysis, which can also discriminate between users and non
users. Logistic regression is preferable as it has fewer assumptions and is
easier to interpret.
Logistic regression is another approach to category
prediction, which carries fewer assumptions than does
discriminant analysis. When the dependent variable
consists

of

only

two

categories,

binary

logistic

regression is applicable (Kinnear & Gray, 2008, 518 –
519).
5.2.1 Beliefs predicting computer use
The purpose of this section is to identify teachers’ beliefs regarding (1) the
nature of mathematics (2) the nature of mathematics teaching and learning and
(3) role of technology in mathematics teaching and learning and then to
determine if those beliefs relate to the actual use of technology in the
mathematics classroom.
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As can be seen in Table 5.3 teachers hold multiple beliefs as to the nature of
mathematics. The data revealed that the dominant belief regarding the question
“what is mathematics” was that mathematics is a tool for problem solving (96%).
The least cited belief was the belief that mathematics is made up of individual
components that incorporate the study and application of number, algebra,
geometry, calculus, collection of data and graphs (73%). The percentages of
teachers’ responses in Tables 5.3, 5.4 and 5.5 represented the combined
categories of “strongly agree’ and “agree”.

Figure 5.2

Model for predicting computer use in the classroom from beliefs

Table 5.3

Belief: nature of mathematics

Belief: What is mathematics?

Rank
order

N=114
Frequency

%
response

1

Mathematics is a tool for problem solving.

1

109

96%

2

Mathematics is about building and using models using data
collection, translating some aspects of reality into
mathematical form.

2

94

83%

3

Mathematics is describing the world in front of us.

3

91

80%

4*

Mathematics is a way of life and a way of thinking.

4

90

79%

5*

Mathematics is made up of individual components that
incorporate the study and application of number, algebra,
geometry, calculus, collection of data and graphs.

5

83

73%

*Significant in predicting computer use
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When examining beliefs about the teaching and learning of mathematics, 94%
of the teachers considered that students need to be encouraged to enjoy
learning, while only a minority believed that mathematics is remembering facts,
rules and learning by rote (43%). (Refer to Table 5.4)
Table 5.4

Belief: mathematics teaching and learning
Rank

N=114

%

order

Frequency

Response

Belief: Mathematics teaching and learning

6

Students need to be encouraged to enjoy learning.

1

107

94%

7

Mathematics is fun.

2

90

79%

8

Mathematics is remembering facts, rules and learning by
rote.

3

49

43%

Teachers endorsed multiple beliefs regarding the use of technology in
mathematics teaching (refer to Table 5.5). The dominant belief, held by 85% of
the respondents, was that the use of computer software can make
understanding clearer through graphs, presentations and simulations. The least
popular belief, held by only 11% of teachers, was that the use of computer
technology helps students develop higher order-skills.
Table 5.5

Belief: mathematics teaching and learning using technology
Rank

N=114

%

order

Frequency

response

The use of computer software can make
understanding clearer through graphs, presentations
and simulations.

1

97

85%

10*

The use of computer technology provides access to
huge amount of mathematics resources.

2

80

73%

11

The use of computer technology in the classroom
enhances student learning.

3

76

67%

12

Computer technology use provides students with a
greater motivation to solve problems.

4

73

64%

Belief: Mathematics teaching and learning using
technology
9
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13
*
14

15

16

When teachers use computers in the classroom, they
are able to spend more time on concepts rather than
routine computational skills.

5

26

23%

Students who have been exposed to computer
technology in the classroom will do better on tests than
those who haven’t.

6

23

21%

Using computer technology, teachers reduce time in
presenting lessons and can move through material
more rapidly.

7

22

19%

The use of computer technology helps students
develop higher-order skills.

8

12

11%

*Significant in predicting computer use

A stepwise logistic regression was performed to ascertain the relationships
between the beliefs about mathematics, teaching mathematics and technology
teachers’ use of computer technology in the classroom (refer to Tables 5.3, 5.4
and 5.5 respectively). The model contained the belief statements as 16
independent variables. The final model, refer to Table 5.6, containing only the
statistically significant predictors of computer use correctly classified 83.3% of
all the cases ( 2=31.60, df=4, p<0.0005). Only four beliefs made a statistically
significant contribution to the model. These are: (1) Mathematics is made up of
individual components that incorporate the study and application of number,
algebra, geometry, calculus, collection of data and graphs is negatively
associated with computer use; (2) Mathematics is a way of life and a way of
thinking is positively associated with computer use, (3) When teachers use
computers in the classroom, they are able to spend more time on concepts
rather than routine computational skills, is positively associated with computer
use and (4) The use of computer technology provides access to huge amount of
mathematics resources is positively associated with computer use.
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Table 5.6

Significant Beliefs predictors for computer use in the classroom
Predictors
Beliefs

1.)

Mathematics is made up of individual
components.

2.)

Mathematics is a way of life and thinking.

3)
4)

Teachers spend more time on concepts.
The use of computer technology provides
access to huge amount of mathematics
resources.
constant

value

SE

Wald

df

- 0.874

0.333

6.891

1

0.009

0.697

0.326

4.581

1

0.032

1.107

0.359

9.524

1

0.002

0.945

0.427

4.891

1

0.027

-4.397

2.406

3.338

1

0.068

Therefore the model to predict computer usage in the classroom from beliefs is:

P(Use)

e
1 e

4.397 0.874Components 0.697Life 1.107Concepts 0.945 Re sources
4.397 0.874Components 0.697Life 1.107Concepts 0.945 Re sources

Maximising the probability of use in the classroom involves minimising the terms
with a negative coefficient and maximising the terms involving positive
coefficients. Accordingly through evaluating:

P(Use)

e
1 e

4.397 0.874(1)
4.397 0.874(1)

P(Use)

0.697(5) 1.107(5)
0.697(5) 1.107(5)

0.945(5)
0.945(5)

0.9998

The probability of use is maximised when the teacher strongly agree with the
statement ‘mathematics is made up of individual components’ but disagrees
that mathematics is ‘a way of life’, ‘teachers spend more time on concepts’ and
‘the use of technology provides access to huge amount of mathematics
resources.’ *
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The probability of computer use is maximised P(Use)=0.9998

for teachers

strongly agreeing that mathematics is made up of individual components and
strongly disagreeing that mathematics is a way of life, teachers spend more
time on concepts and the use of computer technology provides access to huge
amount of mathematics resources.* The probability is calculated through
evaluating:

e

P(Use)

1 e

4.397 0.874(5) 0.697(1) 1.107(1) 0.945(1)
4.397 0.874(5) 0.697(1) 1.107(1) 0.945(1)
P(Use)

0.0024

*Note: Category (1= strongly disagree; 5 = strongly agree)

5.2.1.1

Belief: mathematics teaching with computers

An open ended question was asked of teachers about their beliefs and opinions
of mathematics teaching using computers in a broader perspective. Question 13
asked teachers to “In your own words teaching mathematics with computers
is…” Table 5.7 shows the breakdown of the teachers who used and did not use
computers responding to Question 13.
Table 5.7
Questio
n N0.

Q13

Responses to Question 13
Response
s, out of
112

Did not respond,
out of 112

Used

%

Not
Used

%

Total

%

82, 73%

30, 27%

66

80%

16

20%

82

100%

The responses have been categorised into the following headings: enhancing
student learning, additional workload, another teaching aid, using computers in
teaching is difficult, time consuming, lack of access to computers and fun and
interesting (refer to Table 5.8).
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Table 5.8

Q13 In your own words teaching mathematics with computers
is…(N = 82)
Headings

Number of
Responses

Used

%

(n = 66)

Not Used

%

(n = 16)

Enhancing student learning

20

18

27%

2

12.5%

Additional workload

25

15

23%

10

63%

Another teaching aid

14

14

21%

0

0%

10

9

14%

1

6%

Time consuming

6

5

8%

1

6%

Lack of access to computers

4

2

3%

2

13%

Fun and interesting

3

3

5%

0

0%

TOTAL

82

66

100%

16

100%

Using computers in teaching
is difficult

The highest response by teachers who used computers is the ‘enhancing
student learning’ category (n = 18, 27%). The least response for teachers who
use computers is for the category ‘fun and interesting’ (n = 3, 5%). For those
who did not use computers in their teaching the highest response favoured
‘additional workload’ (n = 10, 63%). The least number of responses were both
‘another teaching aid’ and ‘fun and interesting’ (n = 0).
Of the 66 teachers who used computers 27%, compared to 12.5% of teachers
not using computers, identified that teaching mathematics with computers
‘enhances students learning’. This belief is consistent with one of the beliefs
identified by the teachers in Question 12i, “The use of computer technology in
the classroom enhances student learning.”
Five teachers commented that;
Teaching maths with computers can enhance students' understanding
with better reasoning and more motivation.
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Full of potential for enhanced deep knowledge and quality learning.
Excellent way to encourage/motivate students to enjoy Mathematics.
A valuable contribution to learning, one tool, which can enable
exploration and visualisation to deeper levels.
A way of motivating greater number of students to participate in the
learning process.
One comment about teaching mathematics with computers is,
A two edge sword. It can allow you to move quickly through concepts as
mentioned below, but it can be very time consuming to solve a simple
problem that could be done much faster in the classroom.
Teachers also expressed their feelings and views about teaching mathematics
with computers. Their comments portrayed mixed messages. One teacher
wrote,
A challenge. Making sure that you are prepared enough for the software
and troubleshooting awareness can be a problem. The classroom
management issues are also a concern when using computers.
One of the comments from teachers is that teaching mathematics with
computers is ‘rewarding and motivating for students and provides the teacher
with another tool to teach students’. This is consistent the belief statement
Q12o: “Computer technology use provides students with a greater motivation to
solve problems.”
Of the 66 responses from teachers using computers, three teachers (5%) said
that teaching mathematics with computers is fun. Their experiences in teaching
mathematics with computers portray similar messages:
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(1)

It is a fun way to teach and learn, students understand concepts
better, using computers show real life modeling;

(2)

It allows students and teachers to see Mathematics describing the
world around us; and

(3)

Interesting, and it captivates students to do more mathematics
work and tasks.

Teachers not using computers had no comments regarding ‘fun’. The
descriptions that ‘teaching mathematics is fun’ by teachers who used computers
correspond with the 16 belief statements statistically analysed in this section.
For example, the comment ‘students understand concepts better’ is similar to
the belief item in Q12m, ‘When teachers use computers in the classroom, they
are able to spend more time on concepts rather than routine computational
skills’. This belief significantly predicted computer use in the classroom.
5.2.1.2

Belief: integrating computer-based technology

Teachers were asked an open-ended question to describe if they had success
in the use of computers in teaching mathematics. They expressed their beliefs
and experiences in their response to Question 18: Have you observed any
successful outcome as a result of integrating computer-based technology to
your teaching? Sixty seven or 60% responded, out of 112 with 52 (77%), who
used computers in their teaching and 15 (23%), who did not use computers.
The individual comments of teachers were grouped into the following headings:
challenge for teachers, increased motivation and understanding of students,
increased student deeper understanding increased staff confidence (refer to
Table 5.9).
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Table 5.9

Q18 Have you observed any successful outcome as a result of
integrating computer-based technology to your teaching? (N = 67)
Headings

Number of
Responses

Used

%

(n = 52)

Not Used

%

(n = 15)

Challenge for teachers

28

15

29%

13

87%

Increased motivation and
understanding of students

26

24

46%

2

13%

Increased student deeper
understanding
(metacognition)

10

10

19%

0

0%

Increased staff confidence

3

3

6%

0

0%

TOTAL

67

52

100%

15

100%

The increased motivation and understanding of students is the dominant
successful outcome in the comments made by the 24(46%) teachers who used
computers in their teaching compared to challenges for teachers not using
computers. Increased staff confidence is the least favoured outcome for three
(6%) of those who used computers.
Teachers who are computer users stated that the ‘increased motivation and
understanding of students’ is one of the successful outcomes using computers
in teaching mathematics. The comments were linked to the 16 belief statements
in Tables 5.3, 5.4 and 5.6 analysed in this chapter such as,
Increase in student interest, different approach to learning, easier to
develop a concept that students can see; and
Students understand some concepts better when examples are using
MathCad, Cabri-Geometry, WinPlot, etc.
These comments are linked to the significant predictor to computer use, that
‘When teachers use computers in the classroom, they are able to spend more
time on concepts rather than computational skills’ (Q12m).
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Ten (19%) of teachers who are computer users indicated the successful
outcome of ‘increased student deeper understanding (metatocognition)’ when
computers were used in mathematics teaching. The comments of teachers,
Those students with good skills get to know new applications and can
extend. Some students clearly have little other computer contact, so it is
good to see their basic skills improve (ie, keyboard, file saving, etc.);
Students’ basics are strengthened through an animated program; and
Yes. Some understanding of functions and graphs have been enhanced
through use of software. Students have been encouraged to experiment
with spreadsheets and graphs.
are similar to the belief statement, Q12i ‘Computer technology in the classroom
enhances student learning’.
5.2.2 Knowledge predicting computer use: PD undertaken-choices
The purpose of this section is to investigate teachers’ perceptions of
professional development programs in the use of technology (in mathematics)
and the effectiveness of such programs for teachers’ up-take of technology in
the classroom.
The relationship examined in this section is illustrated on Figure 5.3.
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Figure 5.3

Model for examining relationships between knowledge
(professional development undertaken, ie choices) and computer
use in the classroom

More specifically, the relationship between three sets of professional
development experiences and computer use were examined. These three sets
of experiences are:
1.

Whether or not they had professional development, that is, training in
several software packages (Microsoft Word, Excel, Access, Desktop
Publisher, Paint Shop, Microsoft Front Page, PowerPoint, the Internet,
Programming Languages-C++, HTML, DHTML and other packagesGeometry software) (5.2.2.1);

2.

The types of professional development or in-service programs in which
they had participated over the past three years to use computers in
teaching. These included conference workshops, school based staff
development, department sponsored training, district sponsored inservice,
formal certificates, TAFE and self- training (5.2.2.3); and

3.

Whether they had undergraduate or post graduate qualifications (formal
training) in computer technology (5.2.2.4).

5.2.2.1

Professional development training in software packages

Software packages are readily available in the schools surveyed. Of the ten
software tools or facilities canvassed, the access for teachers ranged from 29%
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with access to programming packages to 100% with access to Word (refer to
Table 5.10). However, the percentage of teachers who had had training on the
various packages was not large, ranging from 35% (Programming) to 75%
(Microsoft Word). There were only 65% of teachers who had training in
Microsoft Excel given the fact that it is one of the most important programs for
mathematics.
Table 5.10

A comparison of teachers who used and did not use computers,
and had training on the software packages (Total N =110)
Percent Used in Specific Software in the Classroom
Training on the package
n % of N

Specific
Software

(Those who
used)

(Those who
did not use)

Overall %
with
training

% of
Availability

X 12

p

Word

44 (51, 86%)

39 (59, 66%)

75%

110 (100%)

6.010

0.014

Access

22 (24, 92%)

25 (86, 29%)

43%

97 (88%)

4.356

0.037

Excel

50 (55, 91%)

22 (55, 40%)

65%

105 (95%)

14.186

0.000

Front Page

14 (15, 93%)

26 (95, 27%)

36%

76 (69%)

2.998

0.083

PowerPoint

35 (41, 85%)

21 (69, 30%)

51%

101 (92%)

3.426

0.063

Desktop Pub

12 (14, 86%)

25 (96, 26%)

34%

87 (87%)

*

*

Paint Shop

16 (20, 80%)

23 (90, 26%)

35%

88 (80%)

*

*

The Internet

31 (35, 89%)

23 (75, 31%)

49%

96 (87%)

4.769

0.027

Programming

11 (11,
100%)

27 (99, 27%)

35%

32 (29%)

3.976

0.046

Others(LOGO)

13 (15, 87%)

25(95, 26%)

35%

20 (18%)

*

*

* Less than 5 expected in at least one cell, so chi-square not undertaken
Note: To illustrate how to read Table 5.10, consider the first row. The second column shows
that 44 of the 51 (86%) who used ‘Word’ i.e., had training on ‘Word’. The third column shows
that 39 of the 59 teachers who did not use “Word” (i.e. 66%) had training on Word

P a g e | 196

Having completed professional development in the use of packages was
interpreted as an ‘intention’ to use computers in the classroom. Examination of
the relationships between training in a package and computer use showed that
the individual associations were significant for Word, Access, Excel, the
Internet, and Programming (refer to Table 5.10).
When a stepwise logistic regression was used to predict computer use with
training on ten packages, Microsoft Word, Excel, Access, Front Page,
PowerPoint, Desktop Publisher, Paint Shop, the Internet, Programming and
Others (LOGO) was performed, only Microsoft Excel provided a unique
statistically significant contribution to the model (refer to Table 5.11).
Table 5.11

Software packages used predicting computer use in the classroom
Predictors
Software Packages

SE

Wald

df

value

Excel

1.987

.544

12.169

1

0.000

constant

-.405

.275

2.170

1

0.141

The model to predict computer usage in the classroom was:

e .405 1.987Excel
P(Use)
1 e .405 1.987Excel
The probability of using computers in the classroom was maximised by
evaluating,

P(Use)

e

.405 1.987(1)

1 e

P(Use)

.405 1.987(1)

0.8295
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for teachers who had training in Microsoft Excel, and minimised

e

P(Use)

.405 1.987(0)
.405 1.987(0)

1 e
P(Use)

0.4001

for teachers who did not have training.
Note: Category [use (1) and non use (0)]
5.2.2.2

Use of software packages

Table 5.12 shows the responses of teachers who used and did not use
computers to the open-ended question Q14: Describe your most successful use
of computers in teaching mathematics.
Table 5.12

Responses to Question 14

Question
N0.

Responses,
out of 112

Did not
respond, out
of 112

Used

%

Not
Used

%

Total

%

Q14

70, 63%

42, 37%

58

83%

12

17%

70

100%

The individual comments were grouped into the following headings: using
spreadsheets and graphs, using geometry software, using PowerPoint/Internet
based resources and difficult using computers. Refer to Table 5.13.
Table 5.13

Q14 Describe your most successful use of computers in teaching
mathematics. (N = 70)
Number of
Responses

Used

%
Used

Not
Used

%

Using spreadsheets and graphs

36

35

60%

1

8%

Using geometry software

11

10

17%

1

8%

Using PowerPoint/Internet –based
resources

12

10

17%

2

17%

Difficult using computers

11

3

5%

8

67%

TOTAL

70

58

100%

12

100%

Headings
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Teachers who used computers most commonly described their most successful
use of computers in teaching as the use of spreadsheets and graphs (n = 35,
60%), followed by using geometry software and ‘PowerPoint and Internet based
resources’ (n = 10, 17%). For non using teachers the most dominant description
is ‘difficult using computers’.
Teachers’ comments included,
Using MS Excel and producing tables and graphing statistical data is the
most successful use of computer. Students receive a practical and
reinforced understanding of mathematics, i.e., collection of different data
per group, organise and analyse data.
Calculating home loans using MS Excel was successful as they drew the
graph and made all calculations over the life of the loan.
Analysing data and expressing various forms using spreadsheet.
Rich task using spreadsheets on consumer with low ability Year 9 group
on buying a loan and car.
Spreadsheets with a lower ability group to do calculation about gross
income, taxation, etc.
Use of spreadsheets for compound interest.
Use of spreadsheets to change variables easily and quickly.
The comments of teachers in the successful use of spreadsheets in their
teaching of mathematics supported the significant predictor in the simple
modeling that teachers who had training in Excel are more likely to use
computer in the classroom than those who do not have training.
5.2.2.3

Types of professional development or in-service

In this study the types of conferences completed by teachers in the last three
years included conference workshops, school-based staff development,
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department sponsored training, district sponsored in-service, formal certificates,
TAFE, self training and others.
The dominant mode of professional development was through school-based
initiatives (54%) followed by self-training (47%) who used and had not used
computers (refer to Table 5.14). These were the first and second ranked types
of professional development undertaken by teachers who use and do not use
computers.
As can be seen in Table 5.14 teachers indicated that they had undertaken a
wide variety of professional development initiatives over the previous three
years, from formal certificate/TAFE (4%) to school-based staff development
(54%).
Table 5.14

Types of professional development or in-service programs
participated over the past three years to use and not use of
computers in teaching: N = 112
Used computers
N=83(74%)

Not used
computers
N=29(26%)

Total
N=112
(100%)

School-based Staff development

49(59%)

11(38%)

60(54%)

Self-training

43(52%)

10(34%)

53(47%)

Conference/workshop

19(63%)

5(17%)

24(21%)

Department Training

21(25%)

3(10%)

24(21%)

District Training

10(12%)

2(7%)

12(11%)

Formal Certificate, TAFE

5(6%)

0(0%)

5(4%)

Other

9(11%)

1(3%)

10(11%)

Nature Professional
Development

Note: To read Table 5.14, for example in the second column, first row 49(59%) of the 83
teachers who used computers undertook school based staff development; first row 11(38%) of
the 29 who did not use computers had undertaken school based development.

To assess the relationship between those who had undergone professional
development for the last three years and computer use, separate logistic
regressions were undertaken. None of the various types of professional
development programs are associated with computer use.

P a g e | 200

However, there was no statistical association between use of the computers in
the classroom and involvement in any specific form of professional
development, for every form of professional development teachers who used
computers in the classroom were more likely to participate in the professional
development than those who did not use computers. (Sign Test Z=3.24,
p=0.0078).
5.2.2.4

Formal qualifications

The teachers who used computers (refer to Table 5.15) appeared more likely to
have had formal training with computers at an undergraduate or postgraduate
level, with 63 per cent with this background using computers in the classroom
compared with who had no training from other sources of whom 37 per cent
used computers in the classroom. To assess the relationship between those
with formal qualifications, both undergraduate and post graduate, and those
with other qualifications with computer use a separate stepwise regression was
undertaken. Qualifications were not found to be significantly associated with
computer use ( 2=2.65, df=1, p=0.104)
Table 5.15

Formal training with computers: computer use and non use
Used or Not

Total

Used computers
N=83(74%)

Not used
computers
N= 29(26%)

N=112(100%)

Formal training (graduate
and undergraduate)

52(63%)

13(45%)

65(58%)

No training

32(37%)

15(55%)

47(42%)

TOTAL

83(100%)

29(100%)

112 (100%)
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5.2.3 Needs (PD knowledge) predicting computer use
The purpose of this section is to investigate teachers’ perceived need for
professional development programs in the use of technology in mathematics
and their use or non use of computers.

Figure 5.4

Model for examining relationships between professional
development choices and needs and computer use in the
classroom

More specifically, the relationship between three sets of professional
development needs and computer use were examined. These three sets of
needs were:
1.

Whether or not they requested ongoing support for the inclusion of
computers into the teaching of mathematics (5.2.3.1);

2.

The teachers’ preferred trainers or sources of professional development:
the head teacher, computer teacher, conference/seminars, the Internet,
district office and education department training programs (5.2.3.3); and

3.

Whether teachers want further training for specific packages: Microsoft
Word,

Microsoft

Access,

Microsoft

Excel,

Microsoft

Front

Page,

PowerPoint, Desktop Publisher, Microsoft Paint Shop and training in the
Internet and Programming Languages [C++, HTML, DHTML, etc] (5.2.3.5).
5.2.3.1

Need for ongoing support

There were fifty eight teachers (52%) who answered ‘Yes’ they require ongoing
support for the inclusion of computers in teaching mathematics. Fifty four (48%)
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do not wish any ongoing support. The break-down of percentages between
those who used or did not use computers for ‘no support’ and ‘with support’ are
shown in Table 5.16.
Table 5.16

Need for other ongoing support for your inclusion of computers
into the teaching of Mathematics, N = 112
Used or Not

Total %

Used computers
N = 83

Not used
computers
N = 29

N = 112 (1005)

No Support

32(38%)

22(76%)

54(68%)

Support

51(62%)

7(24%)

58(52%)

TOTAL

83(100%)

29(100)

112 (100%)

A logistic regression was performed to ascertain the nature of the relationships
between the need for ongoing support in the inclusion of computers in teaching
mathematics and teachers’ use of computer technology in the classroom (Refer
to Table 5.17). Needing support was a significant predictor of computer use.
There were fifty one (61%) of teachers who used computers and seven (24%)
of those who did not use computers who requested ‘ongoing support’ for the
inclusion of computers in teaching mathematics.
The significant model [refer to Table 5.17] ( 2=3.09, df=1, p=0.042) correctly
classified 83.3% teachers use of computers.
Table 5.17

Ongoing support predicting computer use in the classroom

Predictors
Software Packages

SE

Wald

df

value

Ongoing Support

1.398

0.688

4.128

1

0.042

constant

0.588

0.588

1.111

1

0.292

The model to predict computer usage in the classroom was:
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P(Use)

e

0.588 1.398Support

1 e

0.588 1.398Support

The probability of using computers in the classroom was maximised by
evaluating,

P(Use)

e

0.588 1.398(1)

1 e

0.588 1.398(1)

P(Use)

0.8793

for teachers who requested the need for ongoing support and minimised,

P(Use)

e

0.588 1.398(0)

1 e

0.588 1.398(0)

P(Use)

0.6429

for teachers who did not require ongoing support.
5.2.3.2

Open-ended question: need for ongoing support

An open-ended question was asked, to capture more broadly, issues pertaining
to the need for ongoing support. Question 9b asked: Do you require any other
ongoing support for the inclusion of computers into teaching of mathematics?
Please specify. The responses to this question are summarised in Table 5.18.
Table 5.18
Question
N0.
Q9b

Responses to the open-ended question Q9b (N = 112)
Responses,
out of 112

Did not
respond, out of
112

Used

%

Not
Used

%

Total

59, 53%

53, 47%

52

88%

7

12%

59
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The comments made in response to question 9b were grouped into five
categories: the need for professional development, access to computers, time
to prepare lesson plans; technical support and resources/printers (refer to Table
5.19).
Table 5.19

Q9b Please specify (N = 59)
Number of
Responses

Used

%
of used

Not Used

%
of not used

Professional development

28

24

46%

4

57%

Access to computers

13

11

21%

2

29%

Time to prepare lesson plans

8

8

15%

0

0%

Technical support

6

5

10%

1

14%

Resources/printers

4

4

8%

0

0%

TOTAL

59

52

100%

7

100%

Headings

Table 5.19 shows that the need for professional development is the most
frequent request by both the teachers who used computers (n = 24, 46%) and
those who do not (n = 4, 57%). The least preferred support requested by
teachers who are computer users is the need for resources like computers and
printers (n = 4, 8%). None of the non users requested support for this item.
Typical comments of teachers in response to this question are:
Ongoing professional development in technology would be useful.
Training the staff using computers in teaching .
In-service during working hours.
Training on Maths software could be useful.
More specific data about what has been successfully used in topics in
New Maths Syllabus.
Training on the use of geometry software. Perhaps introduction to
available software for statistical analysis.
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Further use of Excel, use of geometry software.
Time needed to evaluate new software and time to learn to use it.
Requirement of a forum to discuss the use of technology with other
teachers/share resources, and the requirement of an ongoing training in
advanced use of Computer Algebra Systems, Flash, etc.
5.2.3.3

Teachers’ preferred trainers (source of professional development)

The preferred modes of professional development (desirable and highly
desirable) were: formal conference/seminars (58%), and department of
education training programs (55%), the district office (44%), computer teacher
(42%), the Internet (34%), and head teachers (28%).
A stepwise logistic regression was performed to ascertain the relationships
between preferred sources of professional development (conference/seminars,
department of education training programs, district office, computer teacher, the
Internet and head teachers) and the teachers’ use of computer technology in
the classroom. The model contained six independent variables. Only two
preferred sources of training made a statistically significant contribution to the
model ( 2=20.69, df=2, p<0.0005). These are the Internet and Education
Department Training Programs (See Table 5.20).
Table 5.20

Preferred sources of training predictors for computer use in the
classroom

Predictors
Preferred Sources of Training
(Scale: Undesirable =5 to Highly
Desirable = 1)

SE

Wald

df

value

The Internet

-0.645

0.225

8.203

1

0.004

Education Department Training
Program

-0.535

.220

5.947

1

0.015

constant

4.713

1.020

21.336

1

0.000

The model to predict computer usage in the classroom was:
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P(Use)

e

4.713 .645Internet .535DepartmentTraining

1 e

4.713 .645Internet .535DepartmentTraining

The probability of using computers in the classroom was maximised for
teachers who endorse training (1), highly desirable on the Internet, and through
Education Department Training Programs as desirable. By evaluating,

P (Use)

e

4.713 .645(1) .535(1)

1 e

4.713 .645(1) .535(1)

the maximum probability of using computers is,

P(Use)

0.9716

The probability of use was minimised for teachers who did not endorsed training
through the Internet and education department training programs (5) by
evaluating,

P(Use)

e

4.713 .645(5) .535(5)

1 e

4.713 .645(5) .535(5)

P(Use)

5.2.3.4

0.2338

School assistance: technology integration

An open-ended question was asked to discover how teachers are encouraged
to integrate technology into mathematics teaching. Question 17: How is the
integration of computer-based technology into the teaching of mathematics
accomplished in your school? The responses of teachers into either use, or do
not use technology for this question are categorised in Table 5.21.
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Table 5.21

Responses of those who used and did not use computers in the
open-ended questions, Q17 (N = 112)

Question
N0.

Response
s, out of
112

Did not
respond, out of
112

Used

%

Not
Used

%

Total

%

Q17

76, 58%

36, 32%

59

78%

17

22%

76

100%

The comments of teachers were grouped into the following headings: ad
hoc/not integrated, accomplishment/challenges, head teacher and school
encouragement, personal initiatives peer tutoring/sharing across faculty and
allocating time table to use computer labs. They are classified in Table 5.22.
Table 5.22

Q17 How is the integration of computer-based technology into the
teaching of mathematics accomplished in your school? (N = 76)
Number of
Responses

Used

%
of
used

Not
Used

%
of not
used

Ad hoc/not integrated

29

21

36%

8

28%

Accomplishment/challenges

16

9

15%

7

44%

Head teacher and school
encouragement

12

11

19%

1

8%

Personal initiatives

7

6

10%

1

14%

Peer tutoring/sharing across faculty

6

6

10%

0

Allocating time table to use computer
labs

6

6

10%

0

TOTAL

76

59

100%

17

Headings

100%

From Table 5.22 it can be seen that teachers’ dominant comment (n = 29) from
by both users (36%) and non users of computers (28%) is that the integration of
computer-based technology in schools is accomplished in an ad-hoc manner.
The following are typical comments from teachers on how the integration of
computer technology is accomplished in their school.
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Mainly through head teacher.
School plan, faculty programs, development of extra computer
classrooms, integration of PDA in Year 7 & 8 classes combined with
timetabling into computer classrooms over the last 2 years.
Maths faculty purchased 2 laptops/data projectors. School has now
portable set up of the same. Only used by those who feel comfortable
with it.
Computer competencies are allocated to faculties. Mathematics faculty
was allocated spreadsheets and graphics calculators.
Units written into faculty programs; class teacher books computer room
access when unit is being studied.
Topic areas identified and some worksheets provided in each of these
areas Year 7 - 10. Individual teachers develop lessons for work in
General Mathematics.
Although 38% of teachers’ comments stated that the integration of computerbased technology in schools is accomplished in an ad-hoc manner, teachers
who are computer users (n = 11, 19%) also indicated that it is accomplished
through the head teacher support and school encouragement compared to only
8% of non users of technology. A teacher who used computers in teaching
stated that support is received ‘mainly through the head teacher’ and one non
user of computers stated that support ‘is with the head teacher initiative.’
Analysis showed that teachers prefer to receive training through the ‘Internet’
and the ‘Education Department Training Program’. These are the significant
factors that predict computer use in the classroom. Perhaps the collective
comments on ‘through the school encouragement’ are implicitly expressing
views that the support teachers received was through channels coming from the
education department training initiatives.
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5.2.3.5

Want further training on software packages

Teachers’ desire to have more training with the packages Microsoft Word,
Excel, Access, FrontPage, PowerPoint, Desktop Publisher, Paint Shop, the
Internet and programming was analysed in relation to their use of that software
in the classroom. As can be seen in Table 5.23, the proportion of teachers
wanting further training ranges from 30 per cent with LOGO to 50 per cent with
Excel. Those who had previous training in Excel want further training in this
package ( 2=6.03, df=1, p=0.014). Those who did not use Excel by comparison
did not want further training. This probably relates to the wide range of uses
perceived by teachers of Mathematics who have begun to use Excel. For each
other package there was no difference in the need to receive further training
when comparing those who used use of the package in the classroom and
those who did not. Statements as to wanting further training do not appear to be
a hindrance to use of a package in the classroom. Rather, teachers who had
training in the use of packages want further training in the use of the software
packages, while those who did not have training in computer use do not want
further training in software use.
Table 5.23

A comparison of those who used and did not use software
packages, and want further training (Total N=110)
Percent Used in Specific Software in the Classroom
Want further training on the
package
n % of N
Overall % who
want further
training

p

Specific
Software

Those who
used

Those who did
not use

Word**

17 (24, 71%)

20(84, 24%)

34%

0.124

0.724

Access

24 (30, 80%

21(80, 26%)

41%

0.245

0.621

Excel

35 (42, 83%)

20(68, 29%)

50%

1.932

0.165

2
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Front Page

17 (23, 74%)

21(87, 24%)

35%

0.171

0.680

PowerPoint

31 (38, 82%)

20(72, 28%)

46%

0.903

0.342

Desktop Pub**

24 (32, 75%)

18(77, 23%)

39%

0.001

0.972

Paint Shop

14 (19, 74%)

22(91, 24%)

33%

*

*

The Internet

23 (29, 79%)

21(81, 26%)

40%

0.552

0.457

Programming

13(17, 76%)

23(93, 25%)

33%

*

*

Others(LOGO)

8 (10, 80%)

25(100, 25%)

30%

*

*

* Less than 5 expected in at least one cell, so chi-square not undertaken
** Slight variation in numbers from 108 to 110
Note: To read Table 5.23, for example in the first row, 17 (71%) of the 24 who want further
training on ‘Word’ used ‘Word’ compared to 20 (24%) of the 84 who did not use Word do not
want further training on ‘Word’

5.2.4 Barriers predicting computer use
The purpose of this section is to model computer use in the classroom in terms
of teachers’ perceived barriers to using computers in the classroom. The 10
barriers that are used are: access to computers, access to computer labs,
classroom management in using computers, technology support, lack of time to
undergo training, compatibility of software and hardware, not confident in using
the software, lack of knowledge of teaching strategies using computers, inability
to trouble-shoot problems with computers and lack of lesson plans using
computers in mathematics. The model examined is represented in Figure 5.5

Figure 5.5

Model for predicting computer use in the classroom from teachers’
perceived barriers.
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Teachers were presented with ten options regarding potential barriers to using
computers in the classroom. In other literature (Keong et al, 2005; Forgasz,
2006) endorsement of statements such as these has been interpreted as the
“barrier” preventing computer use. The methodology in these alternative
approaches did not examine whether or not teachers actually used computers
given these perceived barriers. In this study using the same methodology used
by authors such as Keong et al (2005); Forgasz (2006); Pierce and Ball, (2009)
and Bingimlas (2009) ‘by simply ranking items’ (order from highest to lowest)
and assigned scores to strongly disagree, SD = 1 and strongly agree, SD = 5.
The endorsement of ‘Strongly Agree’ was used to indicate that the item was a
barrier to computer use. The reasons most cited in Table 5.24 as a barrier to
computer use were: lack of access to computer labs (72%), lack of access to
computers (73%); and, the lack of lesson plans for using computers in
mathematics (65%). These findings are consistent with other studies such as:
Manouchehri (1999); Ward (2003); Keong et al (2005); Forgasz (2006);
Keengwe et al (2008) and Bingimlas (2009). In this study it was decided to
model computer use in relation to these barriers. To model whether or not these
barriers related to computer use a logistic regression with the values (5)
strongly agree to (1) strongly disagree for endorsing the barriers were used.
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Table 5.24

Percentage (%) of teachers using and not using technology
indicating the item to be a barrier

Barriers (Scale: strongly
agree = 5; strongly
disagree = 1).

Teachers using
Computers (n = 83)
n (%)

Teachers not using
Computers (n = 29)
n (%)

Overall
endorsing
barrier n (%)

lack of access to
computer labs

63 (76)

18 (62)

81 (72)

lack of access to
computers

61 (73)

21 (73)

82 (73)

lack of lesson plans using
computers in mathematics

50 (60)

23 (78)

73 (65)

lack of time to undergo
training

50 (60)

19 (65)

69 (62)

inability to troubleshoot

45 (54)

17 (58)

62 (48)

lack of knowledge of
teaching strategies

39 (47)

19 (65)

58 (52)

not confident in using
software

32 (39)

17 (58)

49 (43)

technology support

33 (40)

14 (47)

47 (42)

classroom management
in using computers

26 (31)

12 (42)

38 (34)

compatibility of soft and
hardware

22(27)

11 (39)

33 (29)

The number of teachers agreeing or strongly agreeing a lack of lesson plan is a
barrier was higher for teachers who do not use technology (78%) than teachers
who do use technology in the classroom (60%). Refer to Table 5.24
A stepwise logistic regression analysis modeling on teachers use of computers
found that only the lack of lesson plans make a statistically significant
contribution to the model predicting use ( 2=6.43, df=1, p=0.02). None of the
remaining items were significantly associated with the use of computers in the
classroom. Refer to Table 5.25.
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Table 5.25

Significant predictor for computer use in the classroom
Predictors

SE

Wald

df

value

-0.491

0.212

5.386

1

0.020

3.009

0.876

11.805

1

0.001

Perceived Barrier
Lack of lesson plan using computers in
mathematics
Constant

The model to predict computer usage in the classroom was:

e3.009 0.491LessonPlans
P(Use)
1 e3.009 0.491LessonPlans
The probability of using computers in the classroom was maximised (0.9254)
when teachers strongly disagree (1) that lack of lesson plans were a barrier by
evaluating,

P(Use)

e

3.009 0.491(1)

1 e

3.009 0.491(1)

P(Use)

0.9254

When the teachers strongly agree that a lack of lesson plans was a barrier to
computer use, and the probability of teachers using computers was minimised
as seen by evaluating,

P(Use)

e

3.009 0.491(5)

1 e

3.009 0.491(5)

P(Use)

0.6351

This model correctly predicted approximately 76 per cent of teachers who used
or did not use computers in the classroom.
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5.2.4.1

Open-ended question: challenges or barriers to computer use

An open-ended question was asked about the challenges or any inhibitors in
the use of computers teachers’ faced in their school. Question 19: Finally, are
there any challenges that need to be addressed in your school in order to have
mathematics teachers integrate computer-based technology into teaching?
Responses to this question are categorised in Table 5.26, for teachers’ used or
did not use of computers.
Table 5.26

Responses of those who used and did not use computers in the
open-ended questions, Q19 (N = 112)

Question
N0.

Responses,
out of 112

Did not
respond, out of
112

Used

%

Not
Used

%

Total

%

Q19

68, 61%

44, 39%

53

78%

15

22%

68

100%

The responses of teachers to the question were classified into three headings.
The challenges that were identified are: access to computers/computer labs,
other

challenges

in

the

schools

and

the

need

for

professional

development/training-lessons.
Table 5.27

Q19 Finally, are there any challenges that needs to be addressed in
your school in order to have mathematics teachers integrate
computer-based technology into teaching (N = 68)

Headings

Number of
Responses

Used

Access to
computers/computer labs

24

17

Other challenges

24

Professional
development/training-lessons
TOTAL

%

%
Not Used

of not
used

32%

7

47%

19

36%

5

33%

20

17

32%

3

20%

68

53

100%

15

100%

of used
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In the comments the dominant challenge faced by 24 teachers was lack of
access (32%). Forty seven percent of those who did not use computers stated
this as a reason.
Typical comments from teachers include:
Need more computers and possibly specific resources for each topic.
More computers. Greater flexibility in curricula to allow time.
Shortage of computers and their availability.
Access to computer, training of staff, time.
More and easier access to computer labs.
Easy access to computers; computers working all the time.
Computer access and lessons need to be timetabled into the
mathematics program, otherwise pressure to complete curriculum for
exams becomes overwhelming goal. ‘Time is not set aside to explore the
use of computers.
Need more computers and possibly specific resources for each topic.
In the literature reviewed in this thesis, the lack of computers and access to
computer labs were found to be the dominant barriers to teachers who do not
integrate either computer use or the use the software packages in teaching
mathematics. The comments of teachers from this study support this claim
when the method of simply listing is used. However, in this thesis the lack of
lesson plans using computers in mathematics is the only statistically significant
“barrier” to computer use. The probability of teachers using computers is higher
for those who strongly agree with the statement that “lack of lesson plans is a
barrier”.
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5.2.5 Simple approach model for predicting computer use of mathematics
teachers
All the four beliefs (mathematics is made up of individual components,
mathematics is a way of life and thinking, teachers spend more time on
concepts rather than routine computational skills and the use of computer
technology provides access to huge amount of mathematics resources),
knowledge (had training on Excel), needs (ongoing support for the inclusion of
computers in mathematics teaching, the Internet and Education Department
Training Program as preferred sources of training), and barrier (lack of lesson
plans using computers in mathematics teaching) found significant were used as
independent variables to model computer use. However, when these beliefs,
knowledge, needs or barriers were used together to model computer use only
two variables contributed to the resultant prediction: (1) had training on Excel
and (2) barrier to computer use (lack of lesson plans using computers in
mathematics. Refer to Table 5.28.
Table 5.28

Simple modeling: predictors for computer use in the classroom

Predictors (Independent Variables)

SE

Wald

df

value

Had training in Excel

3.843

1.433

7.194

1

0.007

Lesson Plans

-1.335

0.497

7.213

1

0.007

3.372

2.073

2.647

1

0.104

Constant

The final model, containing only the statistically significant predictors of
computer use, correctly classified 87.9% of all the cases ( 2=24.08, df=3,
p<0.005).
Therefore the model to predict computer usage in the classroom from the
resultant predictors, had training in Excel and lack of lesson plans, is
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P (Use)

e3.372 3.843Excel 1.335LessonPlans
.
3
.
372
3
.
843
Excel
1
.
335
LessonPlan
s
1 e

Using this equation the probability of using computers in the classroom was
maximised (0.997) when teachers had training in Excel (1) and strongly
disagree that the lack of lesson plans were a barrier (1).

P(Use)

e

3.372 3.84(1) 1.335(1)

1 e

3.372 3.843(1) 1.335(1)

P(Use)

,

0.997 .

The probability of use was minimised (0.03) when teachers had no training in
Excel (0) and strongly agree that the lack of lesson plans were a barrier (5).

P(Use)

e

3.372 3.84(0) 1.335(5)

1 e

3.372 3.843(0) 1.335(5)

P(Use)

5.3

,

0.035.

Mediational models

The models proposed by Fishbein and Ajzen (1975, 2010); Davies et al (1986,
1989) and Venkatesh (2000) imply that the relationship of some variables such
as attitudes towards behaviour, are mediated by other variables, such as beliefs
(refer to Chapter 1, Table 1.2). The purpose of this section is to explore the use
of mediational models to assess the impact of the variables in the model.
Judd and Kenny (1981) and Baron and Kenny (1986) have discussed four steps
in establishing mediation:
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Step 1: Show that the initial variable is correlated with the outcome. Use Y
as the criterion variable in a regression equation and X as a predictor
(estimate and test path c). This step establishes that there is an effect that
may be mediated.
Step 2: Show that the initial variable is correlated with the mediator. Use M
as the criterion variable in the regression equation and X as a predictor
(estimate and test path a). This step essentially involves treating the
mediator as if it were an outcome variable.
Step 3: Show that the mediator affects the outcome variable. Use Y as the
criterion variable in a regression equation and X and M as predictors
(estimate and test path b). It is not sufficient just to correlate the mediator
with the outcome; the mediator and the outcome may be correlated
because they are both caused by the initial variable X. Thus, the initial
variable must be controlled in establishing the effect of the mediator on the
outcome.
Step 4: To establish that M completely mediates the X-Y relationship, the
effect of X on Y controlling for M (path c') should be zero.
If all four of these steps are met, then the data are consistent with the
hypothesis that variable M completely mediates the X-Y relationship, and if the
first three steps are met but Step 4 is not, then partial mediation is indicated.
Meeting these steps does not, however, conclusively establish that mediation
has occurred because there are other (perhaps less plausible) models that are
consistent with the data. However, according to Baron and Kenny (1986),
mediation is not defined statistically but statistics can be used to evaluate a
presumed mediational model.
In statistics, a mediation model is one that seeks to identify and explicate the
mechanism that underlies the observed relationship between an independent
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variable (IV) and a dependent variable (DV) through the inclusion of a third
explanatory variable, known as a mediator variable.
Kenny (1998) describes four steps to infer mediation (refer to Figure 5.6). They
are:
1.

IV predicts DV (so estimate path C)

2.

IV predicts mediator (so estimate path A)

3.

Mediator predicts DV (while controlling for IV), so estimate path B.

4.

IV does NOT predict DV (while controlling for mediator), so estimate path
C’.

Figure 5.6

Steps to infer mediation

5.3.1 Knowledge mediating beliefs in predicting computer use
The first mediational model explored examines whether the relationships
between beliefs and computer use is mediated by knowledge (refer to Figure
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5.7).

Figure 5.7
5.3.1.1

Beliefs predicting knowledge (had training in software packages)
Step 1: Establishing direct relationships (Path C)

According to Baron and Kenny (1986) Path C involves establishing direct
relationship between beliefs and computer use. In earlier work Section 5.2.1
four beliefs were found to significantly predicted computer use. These were: (1)
Mathematics is made up of individual components that incorporate the study
and application of number, algebra, geometry, calculus, collection of data and
graphs was negatively associated with computer use, (2) Mathematics is a way
of life and a way of thinking was positively associated with computer use, (3)
When teachers use computers in the classroom, they are able to spend more
time on concepts rather than routine computational skills, was positively
associated with computer use and (4) The use of computer technology provides
access to huge amount of mathematics resources was positively associated
with computer use.
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5.3.1.2

Step 2: Establishing indirect relationships (Path A)

This involves using the four significant beliefs to predict knowledge using
regression analysis. The three components of knowledge were:
1.

Completion of training in software packages;

2.

Types of professional development undertaken for the last three years
packages and

3.

Formal qualifications.

5.3.1.2.1

Beliefs predicting ‘had training on knowledge component 1: software
packages’

A teacher completing training on a software package commonly used in the
mathematics classroom was interpreted as ‘intent’. Nine stepwise logistic
regressions were performed to ascertain the relationships between the four
beliefs about mathematics, teaching mathematics and technology having
undertaken training on one of the nine software packages (refer to Table 5.29).
Statistically significant models predicting five software packages were identified.
Only one belief was significantly related to each of the five aspects of computer
training. The belief that When teachers use computers in the classroom, they
are able to spend more time on concepts rather than routine computational
skills is significantly associated with having had training on Microsoft Access
( 2=5.37, df=1, p=0.02), Microsoft Excel ( 2=5.89, df=1, p=0.015) , Microsoft
Desktop Publisher ( 2=7.20, df=1, p=0.007), having had training on the Internet
( 2=6.65, df=1, p=0.014), and had training on programming languages such as
HTML,

DHTML,

C++

and

others

( 2=4.34,

df=1,

p=0.043).

.
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Table 5.29

Significant Beliefs predictors for teachers who training on software
packages

Predictors
(Independent
Variables)

Dependent
variable

constan
t

When teachers use
computers in the
classroom, they are
able to spend more
time on concepts
rather than routine
computational skills.

Microsoft
Access

-4.807

When teachers use
computers in the
classroom, they are
able to spend more
time on concepts
rather than routine
computational skills.

Microsoft
Excel

When teachers use
computer in the
classroom, they are
able to spend more
time on concepts
rather than routine
computational skills

SE

Wald

df

sig

0.645

0.298

4.703

1

0.02

.-1.551

0.513

0.229

5.06

1

0.025

Microsoft
Publisher

-5.014

0.926

0.364

6.453

1

0.011

When teachers use
computer in the
classroom, they are
able to spend more
time on concepts
rather than routine
computational skills.

Internet

-2.515

0.606

0.246

6.082

1

0.014

When teachers use
computers in the
classroom, they are
able to spend more
time on concepts
rather than routine
computational skill.

C++,
HTML,
DHTML

-4.414

0.728

0.360

4.105

1

0.043

Beliefs

5.3.1.2.2

Beliefs predicting knowledge component 2: professional development

None of the four beliefs is associated with the types of professional
development undertaken by teachers over the past three years. Hence
according to Baron and Kenny (1986) types of professional development would
not be considered to be mediating variables.
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5.3.1.2.3

Beliefs predicting knowledge component 3: formal qualifications

None of the four beliefs is associated with either possessing undergraduate or
post graduate qualifications (ns). Hence formal qualifications are not considered
to be mediating variables (Baron and Kenny, 1986).
5.3.1.3

Step 3: Predicting ‘Use’ from knowledge, controlling for belief and
‘Use’

Step 3 involves seeing if the mediator variable knowledge predicts computer
use while controlling for the independent variable belief. That is estimate path B.
Only one belief When teachers use computers in the classroom, they are able
to spend more time on concepts rather than routine computational skills was
significantly related to each of the five knowledge components, had training in
Access, Excel, Microsoft Publisher, Internet and programming languages.
Therefore five separate logistic regressions, each controlling for the belief were
used to predict computer use. Only one potential mediating variable, Excel was
significant ( 2=8.62, df=2, p<0.0005) after controlling for the variation in
computer use explained by the belief When teachers use computers in the
classroom, they are able to spend more time on concepts rather than routine
computational skills.
5.3.1.4

Step 4: Checking belief does NOT predict use (while controlling for
knowledge)

Path C is again estimated, but this time controlling for knowledge (training on
Excel). In this instance the belief When teachers use computers in the
classroom, they are able to spend more time on concepts rather than routine
computational skills is significant after controlling for variation explained by the
knowledge component ‘had training on Excel’ ( 2=24.06, df=2, p<0.0005). As
the first three steps have been met, there is a partial mediation of the belief
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variable by the knowledge variable had training on Excel using the method
proposed by Baron and Kenny (1986).
5.3.2 Barriers mediating beliefs in predicting computer use
The second mediational model explored examines whether the relationships
between the four significant beliefs and computer use is mediated by barriers
(refer to Figure 5.8).
5.3.2.1

Step 1: Establishing direct relationships (Path C)

From Section 5.2.1 four beliefs significantly predicted computer use. These
were: (1) Mathematics is made up of individual components that incorporate the
study and application of number, algebra, geometry, calculus, collection of data
and graphs was negatively associated with computer use; (2) Mathematics is a
way of life and a way of thinking was positively associated with computer use,
(3) When teachers use computers in

Figure 5.8

Diagram showing ‘barrier’ mediating four beliefs
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the classroom, they are able to spend more time on concepts rather than
routine computational skills, was positively associated with computer use and
(4) The use of computer technology provides access to huge amount of
mathematics resources was positively associated with computer use.
5.3.2.2

Step 2: Establishing indirect relationships (Path A)

Four separate linear regressions were used to find if the mediating variable,
‘lack of lesson plans’ significantly predicted four significant beliefs from the
earlier model (direct relationship, Path (C)). Only one of the beliefs the use of
computer technology provides access to huge amount of mathematics
resources (F(1,105)=4.163, p=0.044) was significantly associated with the barrier
‘lack of lesson plans’.
5.3.2.3

Step 3: Predicting ‘Use’ from barrier, controlling for belief and ‘Use’

Step 3 involves seeing if the mediator variable, barrier, predicts computer use
while controlling for the independent variable belief The use of computer
technology provides access to huge amount of mathematics resources. That is,
estimate path B. The use of computer technology provides access to huge
amount of mathematics resources ( 2=14.89, df=2, p=0.001) was significantly
associated with the barrier, ‘lack of lesson plans’.
5.3.3.4

Step 4: Checking belief does NOT predict use (while controlling for
barrier)

Path C is again estimated, but this time controlling for the barrier, ‘lack of lesson
plans’ In this instance the belief The use of computer technology provides
access to huge amount of mathematics resources ( 2=14.89, df=2, p=0.001) is
significant after controlling for variation explained by the barrier component ‘lack
of lesson plans’. As the first three steps have been met, but not the fourth, there
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is a partial mediation of the belief variable by the barrier variable ‘lack of lesson
plans’ using the method proposed by Baron and Kenny (1986).
5.3.3 Barriers mediating knowledge in predicting computer use
The third mediational model explored examines whether the relationship
between the significant knowledge, had training in Excel (as intent) and
computer use is mediated by a barrier, lack of lesson plans (refer to Figure 5.9).
5.3.3.1

Step 1: Establishing direct relationships (Path C)

As previously found in section 5.2.2.1, PD training in software packages and
shown in Table 5.11, the knowledge ‘had training in Excel’ was significantly
associated with computer use.

Figure 5.9
5.3.3.2

Diagram showing ‘barriers’ mediating ‘knowledge’
Step 2: Establishing indirect relationships (Path A)

A linear regression analysis found that there was no significant relationship
between ‘had training in Excel’ and the barrier ‘lack of lesson plans’. Therefore,
the barrier ‘lack of lesson plans’ is not a mediator of the relationship between
‘had training in Excel’ and computer use.
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5.3.4 Barriers mediating needs in predicting computer use
The fourth mediational model explored examines whether the relationships
between the three significant needs and computer use is mediated by the
barrier, lack of lesson plans (refer to Figure 5.10).

Figure 5.10
5.3.4.1

Diagram showing ‘barriers’ mediating ‘needs’

Step 1: Establishing direct relationships (Path C)

In Sections 5.2.3 and 5.2.3.1 three ‘needs’ were identified as being significantly
related to computer use. They are: Ongoing support for the inclusion of
computer technology in mathematics teaching, the Internet and Education
Department Training Programs.
5.3.4.2

Step 2: Establishing indirect relationships (Path A)

Three separate linear regressions were used to identify significant relationships
between each of the three needs and ‘lack of lesson plans’. Only Ongoing
support for the inclusion of computer technology in mathematics teaching
(F(1,72)=4.020, p=0.049) is significantly associated with the barrier ‘lack of lesson
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plans’. This meant that a ‘Lack of Lesson Plans’ could potentially have a
mediating effect on the need for ongoing support. The two other needs the
Internet (F(1,110)=0.390, p=0.534) and Education Department Training Programs
(F(1,101)=0.258, p=0.612) were not statistically significant.
5.3.4.3

Step 3: Predicting ‘use’ from barrier, lack of lesson plans, controlling
for ‘ongoing support’ and ‘use’

Step 3 involves seeing if the mediator variable barrier predicts computer use
while controlling for the independent variable ‘need’. Path B in Figure 5.10 is
estimated and Ongoing support for the inclusion of computer technology in
mathematics teaching ( 2=12.29, df=2, p=0.002) was found to be significantly
associated with the barrier, ‘lack of lesson plans’.
5.3.4.4

Step 4: Checking ongoing support does NOT predict use (while
controlling for lack of lesson plans)

Path C is again estimated, but this time controlling for the barrier ‘lack of lesson
plans’. In this instance the need Ongoing support for the inclusion of computer
technology in mathematics teaching is significant after controlling for variation
explained by the barrier ‘lack of lesson plans’ ( 2=12.29, df=2, p=0.002). As the
first three steps have been met, there is a partial mediation of the ‘need’
variable by the barrier variable ‘lack of lesson plans’ according to the method
proposed by Baron and Kenny (1986).
5.4

Conclusion

The simple modeling of computer use undertaken in sections 5.2.1, 5.2.2, 5.2.3,
5.2.4 and 5.2.5 suggested that the two variables Had training in Excel and Lack
of Lesson Plans are the two predictors for computer use in the classroom. They
provided a unique contribution to the model. The final model is,
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P(Use)

e3.3.72 3.843Excel 1.335LessonPlans
1 e3.3.72 3.843Excel 1.335LessonPlans

with the estimated values for beta given in Table 5.30.
Table 5.30

Simple modeling: predictors for computer use in the classroom

Predictors (Independent Variables)

SE

Wald

df

value

Had training in Excel

3.843

1.433

7.194

1

0.007

Lesson Plans

-1.335

0.497

7.213

1

0.007

3.372

2.073

2.647

1

0.104

Constant

Further exploration of mediational models suggests that two beliefs and one
need are of importance, but that their relationship with computer use is
mediated as shown in Table 5.31.
Table 5.31

Mediator: predictors for computer use in the classroom
Partial mediation and significance

Belief

When teachers use
computers in the classroom,
they are able to spend more
time on concepts rather
than routine computational
skills

Knowledge: had
training on Excel

Belief

The use of computer
technology provides access
to huge amount of
mathematics resources

Barrier: Lack of
lesson plans

Need

Ongoing support for the
inclusion of computer
technology in mathematics
teaching

Barrier: Lack of
lesson Plans

( 2=24.06, df=2,p<0.0005)

( 2=14.89, df=2, p=0.001)

( 2=12.29, df=2, p<0.0005)

Step 3 involves examining the relationship between the mediators Had training
on Excel and Lack of Lesson Plans and computer use while controlling for the
independent variable Need for Ongoing Support. When path B is tested with
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both Lack of Lesson Plans and Had Training in Excel are treated as mediators
together in the one model, only the Had Training in Excel is significant ( 2=27.1,
df=3, p<0.0005).
At Step 4 when the relationship predicting computer use is tested controlling for
Excel and Lack of Lesson Plans, Ongoing Support is found to be significant.
This suggests a partial mediation of Ongoing Support, by the two variables Had
training on Excel and Lack of Lesson Plans. Refer to Table 5.32.
Table 5.32

Final model: predictors for computer use in the classroom

Predictors to computer use

SE

Wald

df

value

1.) Ongoing Support

3.553

1.260

7.954

1

0.005

2.) Had training on EXCEL

2.732

1.125

5.895

1

0.015

3) Lack of Lesson Plans

-.866

.451

3.689

1

0.055

1.253

1.965

0.407

1

0.524

constant

Different methods of modelling can give rise to different mathematical solutions.
Similarly, which variable to treat as a mediator can give rise to different result. In
this context the mediational approach has been used to explore the potential of
one variable to mediate another.
Further, one interpretation that has been made in this thesis is that Had Training
on Excel which is significant in both approaches to modeling is an indication of
‘Behavioural Intention’. Teachers who undertake training in the most commonly
used software tool in Mathematics appear to be ‘intent’ on using the tool in the
classroom.
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Chapter 6
Exploring teacher’s choices to use or
not use technology
6.1

Overview

The results of the survey regarding mathematics teachers’ beliefs, their
professional development in using technology and the barriers they face to
using technology in their teaching, left much to be explained as to why teachers
did or did not use technology in the classroom. It was decided to step back and
re-examine the theories of learning and practices that are central to
mathematics education courses and therefore potentially central to the practices
of teaching mathematics.
Teaching and learning theories should play a significant role in preparing
mathematics teachers for their future teaching career. For example,
mathematics is considered to be a ‘problem-solving’ subject and the teaching of
it involves teaching ‘highly sequential’ concepts. Problem solving involves the
use of cognitive strategies including the remembering of facts and thinking
about strategies for the analysis and solution of problems. Significantly these
theories should impact on their teaching practices, in particular in the
preparation and implementation of lesson plans and assessment procedures,
and thereby impact on students achieving goals and meeting learning
outcomes. Therefore, this chapter presents the following:
1.

Rationale for selecting learning theories for examination.

2.

Theoretical foundations of education that prepares prospective teachers
for the workforce.
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3.

The implication of these theories for the choices teachers make and
subsequent teaching practices of mathematics teachers.

6.2

Method for the selection of theories

To further examine the question “why teachers do or do not use technology in
the mathematics classroom?” it was thought necessary to further explore the
knowledge base that potentially informs teachers about choices as to how and
what to teach. Two sets of literature were considered appropriate: learning
theories and teaching practices, and learning theories for mathematics teaching
with technology.
The initial search for applicable learning theories involved:
1.

A general review of literature in the examination of paradigms that
underpin learning theories and teaching approaches (6.2.1);

2.

A specific search for learning theory relating mathematics teaching with
technology (6.2.2);

3.

An examination of a current, accredited, teacher-preparation course, with
a focus on the preparation of secondary mathematics teachers through the
bachelor of education degree (6.2.3); and

4.

Theories

deemed

important

by

initial

positioning

based

upon

teacher/researcher’s own experiences (6.2.4).
This triangulation of approaches provided a guide for examining the theories of
learning that are likely to impact on mathematics teachers, and served as a
guide for interviewing teachers and student teachers, regarding the choices
they made in relation to teaching and in particular their decision regarding the
use of technology.
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6.2.1 General review of the literature
An initial examination of the literature on learning theories yielded a number of
theoretical paradigms; behaviourism, cognitivism, constructivism and humanism
(for example, online, index of theories and models http://www.learningtheories.com, 21 April, 2010). Others included distance learning and M-learning
although the emphasis within these lies in ‘cognitive theory of learning’ and
‘constructivist theory of learning.’ In this section the basic perspectives of these
paradigms are described, and within each paradigm key learning theories are
outlined.
6.2.1.1

Behaviourism

Behaviour may be defined as actions that are observable and measurable. The
infant or learner’s mind is considered to be passive (tabula rasa) but has the
potential to learn from experience as a result of innate ability. At the simplest
level, behaviour is caused by stimulus (S), something that affects the senses,
and a response (R), a reaction to a stimulus. Actions that are rewarded are
more likely to be repeated. In other words, behaviour can be reinforced with
reward and punishment (Pavlov, 1927).
From an educational point of view, it is important for a prospective teacher to
understand the underlying principles that explain behaviour. According to
behavioural views of learning (Kraus et al, 2003), actions that are rewarded are
more likely to be repeated. As a teacher, when you praise a student, it is more
likely that the actions or event being rewarded will be repeated and that
‘learning’ will change the behaviour.
The proponents of behaviourist learning theories (Pavlov, Skinner, Thorndike,
Watson, Bandura and others) have provided educators a backdrop of simple,
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but effective, approaches to teach new skills and behaviours to children of
varying abilities, particularly students who are challenging and have learning
difficulties (Kraus et al, 2003). The use of reward and punishment (Skinner,
1974) in a classroom situation has been widely adopted in education.
In many schools there is a welfare and discipline policy. Embedded in it is a
merit system that rewards students who are achieving and studying well. In a
classroom situation, a teacher might devise a system to reward students who
achieve academically or who behave appropriately. In situations where a
student becomes challenging, a consequence happens either using a positive
reinforcement or negative reinforcement. The principles behind this ‘merit
system’ derive from (Skinner, 1974).
The behaviourist approach to education has its advantages and disadvantages
(Kraus et al, 2003). The methods used to reward, reinforce and condition
(Skinner, 1974) students are effective for managing students who display
challenging behaviours in class. The merit system encourages students to work
and study hard in class. On the other hand, a pitfall of the behaviourist learning
approach to teaching and learning is that it overlooked the cognitive skills of the
students as related to the learning process (Hayes, 1978). Behaviourism as a
learning theory remains the basis of much teaching in many schools and
colleges (Jarvis et al, 2003), where the learning outcomes are written in
behavioural objectives, such as, ‘at the end of the lesson, students will be able
to do, know, have the skills to…’(p. 29). For example, the Mathematics Syllabus
of the NSWDET uses behavioural objectives such as ‘to understand’, ‘to
analyse’, ‘compare’ and ‘contrast’ (Mathematics Syllabus, Board of Studies,
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NSW, 2002) although these are not specifically referred to as ‘behavioural
objectives’. These objectives of mathematics learning are stated as ‘outcomes.’
6.2.1.2

Cognitivism

The central focus of this paradigm is the cognitive development of the child as
viewed through ‘stages of development’. Cognitive development (Blakemore
and Frith, 2005) is considered to be our ability to think, to reason and to
understand the world around us. It involves mental processes associated with
taking in, organising and making sense of information processes (perceiving,
attending to, understanding and recalling information). The cognitive approach
which includes visual perception, functioning of the brain, memory, learning,
problem solving and interpersonal relations was developed by the Gestalt
school and Piaget. Piaget advocated that the development of the child is
important in acquiring knowledge. Thus, Piaget feels that far from being born
fully equipped for example with an object concept, children develop it over the
course of more than a year and a half (Hayes, 1978). After a child is born there
are stages of growth in physical and mental maturity. For the first stage, a child
is only capable of learning basic things. The child at this stage is not able to
talk, but responds to stimuli such as sound and colour. Piaget holds that a very
young child has many spaces including: a visual space, a buccal (mouth)
space, a tactile (touch) space, an auditory (hearing) space and sense of smell
space (Hayes, 1978, pp. 84-85).
Piaget’s work with children’s stages of development have been influential on
other theorists. The theory gave birth to Piaget’s schemata or cognitive theory.
The development of a child’s mental and physical faculties and attributes play
an important role in the acquisition of knowledge as advocated by Piaget
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(1981). He outlines the development of mental stages from birth through
adolescence, showing parallels between characteristics of cognition and
emotion-motivation at each level (Piaget, 1981, p.xi). Piaget considers that
certain processes underlie all learning whether in simple organisms or in human
beings (Beard, 1970, pp. 2-3).
The two essential processes are adaptation to the environment and
organisation of experience by means of action, memory and perceptions, or
other kinds of mental activities. Piaget characterised the learning and
development of a child through ‘schemas’ or ‘schemata’ which he observed
from the development of his children from birth. These schemata are organised
wholes which are frequently repeated and which are easily recognised among
other diverse and varying behaviour. They are characterized by: assimilation,
accommodation and internalisation (or exteriorisation) (Piaget, 1981). By
assimilation, Piaget meant incorporation of new objects and experiences into
existing schemas. Accommodation is the process of modifying schemas to
solve problems arising from new experiences. Through the interplay of these
two processes of intellectual activity, a child assimilates new experiences to
existing schemas or accommodates their schemas, by extending or combining
them, to meet new situations. Therefore, each individual becomes adapted to
his environment by developing a sufficient repertoire of schemas to deal with
common events. A process simultaneous with that of adaptation is
internalisation (or exteriorisation). The infant’s world appears to be primarily one
of action and transient perceptions, while an older child learns increasingly to
represent the world mentally by means of memories, imagery, and language
and symbols, until adolescence.
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One of the critics of Piaget’s work, Beard (1970, p.5), noted that in young
infants Piaget found no evidence of internalized thinking and consequently no
evidence of memory development. However, Piaget’s view of children’s
cognitive development has resulted in a general recognition by educators that it
is the ‘stage’ of development a child has reached that is important, not the age
(Kraus et al, 2003, p. 63).
Piaget’s cognitive theory of learning has been widely accepted by educators
and it forms the basis of most educational theories such as constructivist theory,
information processing theory, and Vygotsky’s social constructivist theory
(Kraus et al, 2003; Vygotsky, 1934; Biggs and Telfer, 1987). Cognitive learning
theory is the root of the constructivist theory of learning that was further
developed by Steffe and Cobb (1988).
There is a parallel between Piaget and Vygotsky’s work with children on their
stages of development, but Vygotsky (Daniels, 2001) has a different perspective
to Piaget. While Piaget recognised cognitive development in the early stages,
Vygotsky looked at the two stages of a child’s development as: the actual
developmental level and the zone of proximal development. Vygotsky’s theory,
according to Phillips and Soltis (2004, p. 58), suggests “teachers should not
treat their students as if they are frozen at some definite intellectual state,
incapable of further growth and development”. For Vygotsky, the mental age of
the child is equated to the actual development level (Phillips and Soltis, 2004, p.
36). ‘Zones of proximal development’ occur when children become increasingly
ready to shift into a more abstract mode. When a child is within that zone,
appropriate social support from a parent or teacher may enable the child to
reach a higher level of learning (Biggs and Telfer, 1987, p. 208). The child is
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seen to only achieve their full potential through interaction, collaboration and
assistance of people around the child, for example the child imitates others in
the early stage of development. Therefore, young children need support and
guidance as they grow up and this is carried out through schooling. The
implication for teaching is that the teacher should be aware of the physical,
emotional and intellectual development of the child so that they can plan
lessons and apply teaching strategies to suit the ability and capabilities of the
child.
Phillips and Soltis (2004) refer to ‘zone of proximal development’ as a type of
social learning because of the ability of the child to learn by imitation. This
means that when a child copies, imitate or interact with others in a cooperative
social setting this behaviour will eventually contribute to the knowledge and
development of the child’s higher mental development.
Vygotsky’s theory of ‘zone of proximal development’ supports the basic
assumption underlying schooling that students will learn when placed in groups
or other educational settings devised by expert teachers.

Figure 6.1

Schematic diagram of cognitive skills (researcher’s)
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Biggs and Telfer (1987, p. 544) renamed cognitive theory as ‘information
processing theory’ where the focus is on learning occurring through the process
of doing knowledge and skills which may be retrieved later. This is a ‘cognitive
theory’ of learning in which human behaviour is described in terms of the
individual selectively interpreting, storing and recalling information. This concept
is analogous to that of a self-programming computer. Information processing
theory was developed to help social learning theorists understand how human
learn and how they solve problems (Gale Research, 1998). Figure 6.2 illustrates
the relationship between information processing and a computer system.
Information processing theories refer to intelligent behaviour as a series of
computations or processes such as problem solving (Newell and Simon, 1972).
Problem solving is the highest level of the behaviour hierarchy. It is
characterised by very complex cognitive processes in which the learner is faced
with a gap between what they know and the solution which he is to produce
(Ausubel and Robinson, 1969, p. 47). Schmeck (1988) noted that problem
solving encourages whole-brain learning and creative thinking.

Figure 6.2

Information processing theory and a computer system
(researcher’s)
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6.2.1.3

Constructivism

In the constructivist paradigm, learning is seen as a self regulated process that
builds on learner’s existing or prior knowledge. Learners are seen to be active
participants in the construction and creation of their own knowledge. The idea
behind this paradigm is learning by constructing one’s own knowledge or
‘learning by doing’ (Jonassen et al, 1993).
Piaget’s theory about how young learners construct their knowledge structures
has been one of the inspirations behind some of the work carried out by
members of the contemporary movement known as constructivism. Social
constructivists are concerned with how public bodies of knowledge (the
disciplines that form much of what students learn, such as science,
mathematics, history and economics) have been constructed by communities of
inquirers over long periods of time (Phillips and Soltis, 2004, p. 50). From the
constructivist’s point of view:
Students will be actively engaged with interesting and relevant problems;
they will be able to discuss with each other and with the teacher; they will
be active inquirers rather than passive; they will have adequate time to
reflect; they will have opportunities to evaluate and test their knowledge
that they have constructed; and they will reflect seriously about the
constructions produced by other students and by the teacher (Phillips
and Soltis, 2004, p. 52).
Constructivists believed that knowledge is constructed through mental
processes based on experiences (Kelman et al, 1983; Schoenfeld, 1994;
Jonassen et al, 1999; Burton, 1999).
Jonassen et al (1999) view of constructivism is:
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Individuals make sense of their world and everything with which they
come in contact by constructing their own representations or models of
their experiences. Knowledge construction is a natural process.
Constructivists believed that knowledge cannot be simply transmitted by
the teacher to the student (p. 5).
A constructivist view of learning means learning by doing and thinking, thus
activities or lessons in the classroom provoke students’ ability to use their
thinking and practical skills to learn lesson presented to them. This has obvious
implication for mathematics learning involving the use of computer technology
tools.
Cognitive learning includes not only knowledge, but also ‘what to do with it’ and
‘how to apply it’ (Sims and Sims, 1995, p. 6). Schoenfeld (1987) added that we
need a deep understanding of the subject matter to know the other ingredients
for successful teaching, for without it we might not be teaching the right
concept.
The theory of ‘cognitive learning’ is applicable to education. Cognitive
explanations of learning view learners as active constructors of their own
learning; the emphasis is on how learners make meaning and remember what
they learn (Kraus et al, 2003).
Cognitive learning theory focuses on internal mental processes and their
role in learning. According to this approach, learning is defined as an
acquisition of new information. This is achieved through processing and
storing of knowledge and skills in one’s mind (Kraus et al, 2003, p. 159).
The mental processes are called cognitive skills and these are classified as
generic cognitive skills (reasoning and metacognitive) and task specific
cognitive skills (learning, problem solving and inquiring). Figure 6.3 shows a
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breakdown of what is involve in cognitive skills, the internal mental processes
and their role in learning.
Jonassen and Grabowski (1993) proposed that the cognitive theory of learning
includes cognitive controls and cognitive styles, thus,
The particular combination of mental abilities possessed by individual
students determines their cognitive styles and control; as these controls
and styles describes how an individual interacts with his or her
environment, extracts information from it, construct and organises
personal knowledge, and then applies that knowledge. Cognitive controls
are more closely related to mental abilities, while cognitive styles
describe more general perceptual and processing characteristics
(Jonassen and Grabowski, 1993, p. 5).
The three theories ‘cognitive learning theory’, ‘information processing theory’
and ‘constructivist learning theory’ have a common view regarding learning by
doing. These theories are used in the educational setting. Figure 6.3 illustrates
the interrelationships of cognitive learning, information processing theory and
constructivism.

Figure 6.3

Schematic diagram of acquisition of new information (researcher’s)
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6.2.1.4

Intelligence and multiple-intelligences

Theories such as the intelligence and multiple-intelligence theory (Gardner,
1983; Spearman, 1904; Sternberg, 1985; Thurnstone, 1938) are most
applicable to teaching mathematics. Intelligence is seemingly important in
learning mathematics because mathematics involved higher-order learning and
reasoning.
6.2.1.4.1

Spearman’s general mental ability

Theory of ‘general mental ability’ is sometimes described as a ‘two-factor theory
of intelligence.’ The factors are general mental ability (basic intellectual
capacity, for example high mental ability and low mental ability) and the specific
mental ability (collection of distinct mental abilities, for example general
knowledge, logical reasoning, abstract thinking and spatial visualisation)
(Spearman, 1937). Spearman’s ‘model of intelligence theory’ was based on
tests conducted to investigate the mental abilities of children. Spearman
discovered that children who score high on IQ or mental ability tests usually
scored higher on other types of test and children who scored lower on IQ tests
achieve lower marks on other tests.
Spearman (1937) and his followers place much more importance on general
intelligence than on specific mental ability.
6.2.1.4.2

Sternberg’s ‘triarchic’ model of intelligence

Gardner’s definition of intelligence states that ‘mental activity is directed toward
a purposive adaptation to, selection and shaping of, real-world environments
relevant to one’s life’ (Sternberg, 1985, p. 45). In the classroom students are
seen with individual talents and capabilities. Sternberg proposed three factors of
intelligence, the ‘triarchic model of intelligence.’ They are:

P a g e | 244

1.

Analytical intelligence, referring to problem-solving abilities.

2.

Creative intelligence, involving the ability to deal with new situations using
past experiences and current skills.

3.

Practical intelligence, referring to the ability to adapt to a changing
environment.

6.2.1.4.3

Thursntone’s primary mental abilities

Thurnstone (1938) using a battery of psychological tests identified ‘primary
mental abilities’ These included: verbal skills, space, form, number, numerical
reasoning, verbal reasoning, space reasoning and rote learning.
6.2.1.4.4

Guilford’s three dimension of mental operations

One proponent of an intelligence theory, who rejected Thurnstone’s theory
regarding ‘primary mental abilities’, is J. P. Guilford (1967). In Guilford’s
‘intelligence model’, the components:
1.

Mental operations such as thinking, evaluating and recalling;

2.

The content or the material that is involved intelligence such as words,
symbols, pictures, sounds, feelings and actions; and

3.

The products that are being processed. Units, classes, relationships,
systems and implications (Krause et al, 2006, p. 230).

6.2.1.4.5

Gardner’s multiple-intelligence theory

Gardner’s (1983) theory proposes that a learner possessed a variety of
intelligences. These intelligences correspond to the acquisition of knowledge
and problem solving in distinct areas within our cultural experience that include
music,

language,

mathematical

comprehension

and

reasoning,

spatial

awareness, physical awareness and social understanding (Kraus et al, 2003).
Gardner’s eight domains of intelligence are:
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1.

Visual-spatial intelligence or the ability to perceive visual and spatial
information;

2.

Verbal-linguistic intelligence or the ability to speak and write languages;

3.

Bodily-kinesthetic intelligence or the use of use body control to solve
problems or create products;

4.

Logical-mathematical intelligence or the use of mathematical, abstract and
logical reasoning;

5.

Interpersonal intelligence: capacity to recognise the feelings and beliefs of
others;

6.

Musical intelligence or sensitivity to rhythm, pitch, and the ability to discern
sound patterns;

7.

Intra-personal intelligence or the capacity to transform oneself to make
informed decisions; and

8.

Naturalistic intelligence; the ability to relate to the natural environment.

Summary
The literature of theoretical paradigms and related theories has a lot to do with
teaching and learning, including mathematics teaching with technology. Each
theory has their own strengths and weaknesses. However, they all play very
important role in how teachers educate young people. In the teaching and
learning process educators and teachers need to design learning materials
corresponding to students’ abilities and capabilities, stage of development and
the nature of intelligences.
The next section is an examination of learning theories for mathematics
teaching including the integration of technology.
6.2.2 Learning theory for mathematics teaching with ICT
To examine which learning theories are being used by practitioners in reporting
the use of technology in the teaching of mathematics three searches were used.
The first two focused on literature from Australian conferences. The third search
was on digital libraries.
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1. Examination of articles published for Mathematics Education Research
Group of Australasia (MERGA) in 2005, N = 98.
2. Examination of all the articles from the Australian Association of
Mathematics Teachers (AAMT) 2005 conference proceedings, N = 53.
3. Google search on Education and Information Technology Library –
Digital Library (http://www.EditLib.org, accessed on the 24th April, 2010),
N = 24 406.
6.2.2.1

Mathematics Education Research Group of Australasia (MERGA)

An analysis of papers revealed the adoption of particular paradigms by teachers
presenting at the Mathematics Education Research Group of Australasia
(MERGA) conference. Of the ninety eight articles, only four (N = 4) integrated
technology in mathematics teaching. None of these made mention of using
theories of learning. This was a disturbing result. It was my assumption that
reference to ‘cognitive, constructivist and intelligence’ theories of learning would
be found in these articles. However, none of these theories were mentioned
implicitly or explicitly in the papers.
6.2.2.2

Australian Association of Mathematics Teachers (AAMT)

With a view to identifying the paradigms and theories that teachers identify as
using the papers listed under the technology section were classified into two
categories: seminar papers and workshop papers. In total there were 31
seminar papers and 22 workshop papers. Over the combined total of 53 papers
there was no mention of any theories other than ‘constructivist theory of
learning’ (n = 1). Of the thirty one (n = 31) seminar papers only four are
‘technology-based papers’ (n = 4). Of these only one (n = 1) used a
constructivist paradigm. The remaining papers simply described the use of
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technology to enhance learning. Of the twenty two (n = 22) workshop papers 9
(41%) used technology. Only 2 (22%) of these, explicitly mentioned
constructivist theory of learning. A second look at the AAMT paper suggests
that the theories cannot be identified in majority of them, except an action
research

paper

that

dealt

with

‘improving

professional

standards

in

mathematics.’ This paper talked about, assessments, quality pedagogy and
teaching that involved ‘constructivist view of knowledge’ (White, 2005, p. 261).
The scarcity of mention of ‘learning theories’, and the lack of underlying
approach is not what was expected.
6.2.2.3

Education and Information Technology Library – Digital Library (EDITLib)

To further examine teachers’ adoption of paradigms, a ‘search’ of articles from
the

Education

and

Information

Technology

Library

–

Digital

Library

(http://www.EditLib.org, accessed on the 24th April, 2010) was performed using
the key words ‘learning theories + mathematics + technology’. It yielded the
number of articles in the database, N = 24 406 This is categorised to 22 384
conference papers, 1 956 articles, 46 talks and 7 e-books. The Education and
Information Technology Library – Digital Library has links to the Society for
Information Technology and Teacher Education (SITE) and Educational
Multimedia,

Hypermedia

and

Telecommunications

(EDMEDIA)

world

conference and other journals such as the Journal of Computers in
Mathematics and Science Teaching (JCMST).
The link to EDMEDIA surprisingly yielded no results with the search terms. The
link to the SITE yielded (N = 2 733) results, of which the first 1000 articles were
shown. These articles were systematically sampled by selecting every third
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paper, later narrowed to n = 280 relevant articles. The articles were selected
from an eleven years period from, 1999 to 2010. Out of the 280 articles, (n = 88,
30%) were selected after a further examination the titles, and the abstracts for
the words mathematics, technology and learning theories. The 88 papers were
read, examined and classified by the researcher into three sections:
‘constructivist learning theory’; ‘cognitive learning theory’ and ‘other learning
theories-. They were categorized as:
1.

Mathematics, technology and constructivist theory (n = 48), see Table 6.1.

2.

Mathematics, technology and cognitive theory (n = 20), see Table 6.2.

3.

Mathematics, technology and learning theories; behavioural, E-learning
and intelligence theories’ (N = 20), see Table 6.3.

The papers referred to in Table 6.1, are either implicitly or explicitly underpinned
by constructivist learning theories. When papers are classified as implicitly
expressing the constructivists’ point of view, this means that process and
concepts used by the authors have similarities to the meaning of a constructivist
learning theory. The papers were also classified by outcomes. These included:
improved learning through experimentation, hands-on construction and the use
of computer manipulatives, such as LEGO robotics, Dienes Base 10, blocks,
sketch objects and online facilities (n = 12); fun and motivation achieved
through student-technology interactions, group discussion, mathematical
reasoning and metacognition and visualisation of geometric shapes; improved
learning of Year 9 students in algebra with some limitations’ deeper
understanding of statistical concepts such as mean, median, mode, standard
deviation and correlation (n = 4); developed mathematical skills and logical
reasoning through constructing concepts of mathematics, content knowledge,
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learning theory features of technology and improve student-centered learning
using manipulatives (n = 4). The computer tools used in each study are shown
in Table 6.1, column three.
The researcher grouped the articles in Table 6.2 according to learning
outcomes, such as: improved learning through experience and higher-order
thinking; improved student learning through equal access to computer;
improved prospective teachers’ construction of knowledge. All the articles
explicitly mentioned ‘cognitive learning theory.’
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Table 6.1

Constructivist Learning Theory

Outcome: Improved learning through experimentation, hands-on construction and use of computer manipulatives, ie LEGO robotics, Dienes Base 10, blocks, sketch objects and
online facilities.
Study

Computer Tools Used

Author

Designing, Developing, and Implementing a Course on LEGO
Robotics for Technology Teacher Education (explicit)

Chamber, J and
Carbonaro, M. (2003)

LEGO Robotics

Constructivism and SSDMA as a basis for technology use in
mathematics teacher education (explicit)

Bouniaev, M. (1999)

Geometer’s SketchPad. Fanthom and spreadsheets

Developing Experience Using Technology in a Constructivist Setting
for Pre-service Secondary Mathematics Teachers (explicit)

Vincent, K. (2004)

Robotics

Robotics Field Experience in a Pedagogical Laboratory (explicit)

Williams, D. et a l (2007)

Microsoft Excel and TI-83 graphing calculator programming

Pascal, Polya, and Dienes: Counting Techniques and Technology
(implicit)

Ramirez, O. and Bernard,
J. (2004)

Computer-based manipultives (technology)

Robo@Temasek Primary: An Interdisciplinary Programme and
Tripartite Collaboration (explicit)

Ang, A. (2008)

Robotics

Computer Simulation: Engaging Pre-service Mathematics Teachers in
In-depth Investigations of a “Simply Complex” Problem (implicit)

Bu, L. (2008)

Computer simulation

Symbolic Computers and Mathematical Objects (implicit)

Connell, M. (2000)

Computer-based manipulatives (Dienes Base 10, Blocks, Scketch Objects

Math on the Web for Online and Blended Teaching: Learning
Theories Perspectives (implicit)

Bouniaev, M. (2004)

The Internet

The Impact of Computer Technology on Secondary Mathematics
Teacher Constructivist Practices: Toyota Grant Award Recipients from
1997-2003 (explicit)

Burrell-Ihlow, M (2005)

Online

Using Tablets for Collaborative Problem-Based Learning in a
Mathematics Specialist Program. (explicit)

Hunger, G. & Hodges, C.
(2009).

The Internet, tablet PCs and digital notepads, Adobe Connect Pro and
Illuminate Live and video conferencing

Adaptive Group Formation and Interactive Problem Solving Support in
the Adaptive Educational Hypermedia System MATHEMA (implicit)

Papadimitriou, A.,
Grigoriadou, M. &
Gyftodimos, G. (2009)

Web-based adaptive educational hypermedia system called MATHEMA
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Outcome: Fun and motivation achieved through student-technology interactions, group discussion, mathematical reasoning and metacognition and visualisation of geometric
shapes; improved learning of Year 9 students in Algebra with some limitations’ deeper understanding of statistical concepts like mean, median, mode, standard deviation, and
correlation.
Computer Tools Used

Study

Author

Interactive Learning In Mathematics Education: Review of Recent
Literature (implicit)
Can Technology Replace Hands-on Learning in Geometry? (implicit)

Kahveci, M. and Imamoglu,
Y. (2007)
Vincent, K. (2003)

The Internet

An Investigation of Students’ Learning Algebra with Software Tool
Aplusix and Paper-Pencil Techniques: A Comparative Study (explicit)
Constructing Analysis of Variance (ANOVA) (explicit)

Hadjerrouit, S. (2009)

Aplusix (Algebra Tool)

Mitchell, M. (2002)

Spreadsheets

Geometer’s SketchPad

Outcome: Mathematical skills were developed through constructing concepts of mathematics, content knowledge, learning theory and features of technology; improve studentcentered learning using manipulatives)
Tso, T.H. (2005)
Geometry software
Using Computer Software to design Geometric Learning System
Based on Van Hiele Model (explicit)
Integrating Internet-based Mathematical Manipulatives Within a
Learning Environment (explicit)

Brown, E. and Crawford,
C. (2003)

Internet and manipulatives (Cuisenaire rods, color tiles, Unifix, etc.)

Interactivity in Mathematics and Science Education (implicit)
None

Influence of Dynamic Geometry and Problem Solving Strategies
Toward an Interactive Tutorial System. (explicit)

Cezikturk, O., Kavechi, M.
& Gulcin, C. (2000)
Richard, P. et al (2009)

Geogebra
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Table 6.2

Cognitive Learning Theory

Outcome: Improved learning through experience and higher-order thinking; improved student learning through equal access to computer; improved prospective
teachers’ construction of knowledge.
Study

Author

Computer Tools Used

Cognitive Aspects of Teaching and Learning Mathematics (explicit)

Saba, F. (2007)

Web-based technology

Developing and Applying a Model for “Hands-On- Line” Mathematics (explicit)

Harvey, F. (2008)

Web-based learning model

Learning to Teach: Web-based Interactive Rich- Media technologies Supporting Cognitive Flexibility
in Teacher Education (explicit)

Vu Minh, C. and Herbst,
P. (2008)

Interactivity of Visual Mathematical Representations: Factors affecting Learning and Cognitive
Processes (explicit)

Sedig, K and Liang, H.
(2006)

Development of Digital Learning Tool about Children’s Mathematical Thinking for Elementary
school Teachers (explicit)

Olkun, S. et al (2006)

Actions on Objects: A Theoretical Framework for Mathematics Education (explicit)

Connell, M. & Slough, S.
(2000)

Optimising Learning in a Technology rich Environment: The Importance of Cognitive and Metacognitive Processing (explicit)

Fitzpatrick, C. (2009)

Mathematical Abilities and Development of mathematical World Problem-Solving Skills in a
Technology-Based Learning Environment: Methods and Main Results (explicit)

Ruokamo, H. (2000)

Technology-based solver learning environment

Connell, M. (2005)

Web-based learning,
http://naturalmath.com/mult/mult2.html

Technology promise for Mathematics and Science Learning (explicit)

ATutor (http://www.atutor.ca), an open-source
learning content
management system

Computer-based mathematical cognitive tools

L-TEST, Learning
Tool for elementary school teachers
Computer, with its object oriented interfaces and
tools
Computer based learning environments
(CBLEs)
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From Ability to Action: Technology-Integrated Instruction for Critical-Thinking Dispositions (explicit)

Leader, L. & Middleton,
J. (2003)

The Jasper Woodbury Problem Solving Series
(Cognition and Technology Group at Vanderbilt,
1992a) is a set of video-based adventures, with
each adventure presented as a 15- to 20-minute
story on CDROM.

Student Mental Models, Working Memory, and Cognitive Overload during a Spreadsheet Activity
(explicit)

Nguyen, T. (2008)

Spreadsheet software
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Table 6.3

Other Learning Theories: Social Learning Theory, Behavioural Learning Theory; E- Learning and Intelligence Theory

Theory: Social Learning Theory
Outcome: Improve mathematical understanding and collaboration and social learning situations where mathematics content were communicated to students; interactions were found between participants’
mathematics knowledge, their lesson planning preferences, and their beliefs about mathematics teaching and learning.
Study
A Case Study of Investigating Preservice Mathematics
Teachers’ Initial Use of the Next-Generation TI-Nspire
Graphing Calculators with Regard to TPACK

Author

Computer Tools Used

Curaoglu, O., Bu, L., Dickey, L., Kim, H. & Cakir, R.
(2010)

T1-NSpire Graphing Calculators

Using Tablets for Collaborative Problem-Based Learning in a
Mathematics Specialist Program (explicit)

Hunger, G. & Hodges, C. (2009)

PC Tablets and Digital NotePad

Prospective Mathematics Teachers’ Initial Reactions to ModelCentered Instruction (explicit)

Bu, L., Jakubowski, E., Dickey, L., Bayazit, N., Curaoglu,
O., Kim, H., Cakir, R. & Spector, J.M. (2009

Next generation graphing calculators

(implicit)

Theory: Behavioural Learning Theory
Outcome: Meaning remembering; changed attitude and behaviour of teachers teaching mathematics with technology
Study

Author

Computer Tools Used

Adaptive Navigation Support and the Learner-Centered MetaAdaptation in the Adaptive Educational Hypermedia System
MATHEMA. An Innovation (explicit)

Papadimitriou, A., Gyftodimos, G. & Grigoriadou, M.
(2009)

Web-based adaptive educational hypermedia system called MATHEMA

Decision Process: Teachers Graphing Calculator Integration
from Classrooms to Regents Exams (explicit)

Gogus, A. & Koskeroglu, M. (2005)

Graphics calculator

Theory: E-Learning Theory
Outcome: Technology failed. Mental mathematics is important in mathematics learning; improve learning for disability students; knowledge construction, cognition and collaboration)
Study

Author

Computer Tools Used
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Mental Math vs. School Math: An Online Exploration of
Preservice Teachers Individual and Collaborative Perceptions
(explicit)

Moghaddam, A. (2007).

Problem-Based e-Learning to Support Mathematics Teaching
for Students with Mild Disabilities: Model and System
Framework (explicit)

Chu, H., Lu, H., Chen, Y., Lin, C., Chen, M. & Lin, C.
(2006)

A Distance Learning Effort: Evaluating a Middle School
Mathematics Virtual Classroom (explicit)

Lowery, N. (2003)

Online
Online Discussion Agent,
e-Tutoring Agent, e-Consultant Agent and Q & A Agent
Online learning

Theory: Multiple Intelligence
Outcome: Developed critical thinking. Enhanced learning using multiple intelligences like reasoning, analyzing, predicting , ‘what if’ facility of a spreadsheet program)

Study

Author

Computer Tools Used

The Use of Technology in Enhancing Students’ Learning.
(explicit)

Roubides, P. (2004).

Spreadsheets program

Computer Simulation: Engaging Preservice Mathematics
Teachers in In-depth Investigations of a “Simply Complex”
Problem. (implicit)

Bu, L. (2008)

Computer simulation
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Table 6.2 contains papers that are underpinned by a mixture of learning
theories, explicitly (n = 7) and implicitly (n = 3) expressed by the authors. In
Table 6.3 the researcher categorised the papers according to: social learning
theory of Vygotsky (Philipps and Soltis, 2004), n = 3; behavioural learning
theory (Maslov, 1920; Pavlov, 1927; Skinner, 1974), n = 2; E- learning theory
(Chaoui, 2003; Kearsley, 2005), n = 3 and intelligence theory (Gardner, 1983;
Stenberg, 1985), n = 2. The learning outcomes include: improve mathematical
understanding and

collaboration

and

social learning situations where

mathematics content were communicated to students; interactions were found
between

participants’

mathematics

knowledge,

their

lesson

planning

preferences, and their beliefs about mathematics teaching and learning (n = 3);
meaning and remembering; changed attitudes and behaviour of teachers
teaching mathematics with technology (n = 2); improve learning for disability
students; knowledge construction, cognition and collaboration (n = 3) and
developed critical thinking and enhanced learning using multiple intelligences
like reasoning, analyzing, predicting, ‘what if’ facility of a spreadsheet program (
n = 2).
Further analysis of the papers analysed provided is in Table 6.4. This analysis
reveals:
The papers examined (listed in Table 6.4) contain explicitly mention learning
theories. They cover all sectors of education (secondary, post secondary,
primary and secondary teachers training, secondary teachers and university
lecturers/instructors). High school studies are the most reviewed in the table
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accounting for n = 12 (30%) of the total number of papers examined, n = 40.
The prospective primary and high school teachers studied learning theories, n =
10 (25%).
1.

The papers that mentioned constructivist learning theory (Table 6.4,
column 2), (n = 8) dealt with high school mathematics, (n = 5) on
prospective high school mathematics teachers, (n = 2) on academics or
university instructors of mathematics. The remaining papers (n = 5) made
no mention of whether, high school, higher learning or teachers.

2.

The papers (n = 3) relating to cognitive learning theory (Table 6.4, column
3) were studies in high school mathematics.

3.

The papers representing other learning theories (see Table 6.4, column 4),
were based in secondary schools (n = 1); higher learning (n = 3); teacher
training secondary mathematics teachers (n = 3); and others (n = 3).

Table 6.4

Summary of learning theories explicit in the papers examined
Classification

1. Secondary School (High
Schools)

Constructivist
Learning
Theory

Cognitive
Learning
Theory

Other
Learning
Theories

TOTAL

8

3

1

12

2. Post-Secondary School–
TAFE (Technical & Further
Education)

1

3. Higher Learning-Mathematics
Students

2

3

2

3

4. Teacher Training- Secondary
Mathematics Teachers

5

1

10

5. Teacher Training-Primary
Teachers

1

1

6. Secondary (High School)
Mathematics Teachers

1

1

7.University
Lecturers/Instructors

2

2
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8. Others.

5

TOTAL

20

10

3

8

10

40

In summary the literature survey shows that both mathematics teachers and
prospective mathematics teachers adopt a variety of learning theories including
‘cognitive learning theory, ‘constructivist learning theory’, ‘multiple-intelligence
theory’, to name a few.
The next section provides an examination of a current accredited mathematics
education degree.
6.2.3 An examination of a current accredited mathematics education
degree
The selection of one teacher training/pre-service course accredited by the NSW
Department of Education does not presume to allow a description of all such
courses. However it does provide a point of comparison with the literature
regarding learning theories, that might be adopted by teachers.
The teacher preparation course chosen was offered by the Faculty of
Education, University of Wollongong, Australia, 2010. The degree is a Bachelor
of Mathematics Education that provides pre-service educational training for
secondary mathematics teachers. The course aims to develop pre-service
teachers teaching skills, provide knowledge of the mathematics content and
develop the skills required to become professional teachers. The degree
integrates training in mathematics content with teaching mathematics. The
students enrolled in the degree study covers the following areas:
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1.

Discipline studies in mathematics

2.

Teaching and learning in mathematics

3.

Curriculum and pedagogy

4.

Foundation studies in education

In order to identify the learning theories, educational outcomes and teaching
approaches taught to students in this degree, the researcher examined five
subjects: Refer to Table 6.5.
1.

Education Foundations 1: Learning and Development

2.

Introduction to Teaching and Learning

3.

Classroom Management Creating Positive Learning Environment

4.

Education Foundation 3: Sociology and Cultural Studies

5.

Learners with Exceptional Needs
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Table 6.5

Represents selected subjects under the Bachelor Mathematics Education

Subject

EDFE101-Education
Foundations 1: Learning
and Development

EDUT104

EDCM201

EDFE301

EDLE301

Introduction to Teaching
and Learning

Classroom Management
Creating Positive
Learning Environment

Education Foundations
3: Sociology & Cultural
Studies

Learners with
Exceptional Needs

Theoretical Approaches
Covered

Child development
Physical growth
Behaviourism
Cognitive Development:
Piaget
Vygotsky’s Sociocultural theory
Cognitive Development:
Information Processing
Language Development
Intelligence
Creativity
Emotional Development
Social Development
Gender

Theoretical approaches
covered and learning
outcomes are linked to
NSWDET Mathematics
Syllabus 2002 containing
13 broad outcomes.

Reward, punishment and
reinforcement
Intrinsic motivation, social
development and well
being.

Main educational
theories (Historical
perspective)
1970s-Education as a
key means of social
mobility.
1980s-Education
crucial to educational
advancement. 1990sStrong emphasis on
relationship between
education and the
labour market.
Challenges of
technology literacy .

Articles in
Mathematics
covered and linked
to the topics in
EDLE301:
1) Recognizing and
addressing specific
learning difficulties
(Carnelor, 2004)
2) Learning
difficulties in
mathematics
(Westwood, 2004).

Relating Theory in
Technology Teaching

Cognitive Theory

Cognitive theory

Constructivist theory

Cognitive theory

Socio-Cultural Theory

Constructivist theory
Bloom’s Taxonomy

Relating Theory to
Mathematics Teaching

Behaviourism

Cognitive theory

CognitiveTheory

Constructivist theory
Bloom’s Taxonomy

Theory of Intelligence

Behaviourism

Constructivist theory

Cognitive theory
Behaviourism
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These courses covered learning theories, learning outcomes and teaching
approaches. In particular they covered theoretical approaches in teaching and
learning including the major theories of child development and learning; related
theories in technology and teaching and related theories to mathematics
teaching.
The purpose of examining the subjects incorporated into this degree is to
identify the learning theories that the prospective teachers study that are
applicable to mathematics teaching. They are theories that will guide their
practice of teaching. The subject outlines indicate that the prospective teachers
study: Piaget’s cognitive theory of early development of the child; Vygotsky’s
social learning theory; Sternberg’s triarchic model of intelligence theory;
Gardner’s multiple intelligences theory; behaviourist theory of learning, the S-R
(stimulus-response) theory; motivation theory; reward and punishment for
classroom management and learning difficulties in mathematics (refer to Table
6.5 for more details). These the learning theories taught to students on this
course are applicable to mathematics teaching with technology.
Section 6.2.4 describes the personal positioning of the researcher based upon
her experiences in teaching mathematics and computers for more than two
decades.
6.2.4

Positioning of the researcher

The researcher’s personal position can influence research. This influence can
range from the selection of literature to read across to the interpretation of data.
In reviewing theories of learning it was anticipated that a small number of
teachers and prospective teachers would be interviewed. Clarification of the
researcher’s own position in relation to these would be interviewed. Therefore, it
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was deemed important to clarify the researcher’s own position in relation to
these theories so as to avoid bias in the interpretation of responses and to
clarify theoretical positions to be able to interpret what teachers say. My own
personal positioning in mathematics teaching is illustrated schematically in
Figure 6.4.
Theories form the foundation for understanding many critical issues that
teachers and learners face in the classroom (Kraus et al, 2003) and so it has
been for this researcher teacher. I am eclectic in adopting ideas from different
theories and paradigms. Although my classroom management utilises
behaviourist theories, my actual teaching and practice draws upon a mix of
ideas from the behaviourist, constructivist and cognitivist’s paradigms. Related
theories such as intelligence theory and multiple intelligences are embedded in
each section of my lesson plans. My teaching typically uses the lesson plan
structure illustrated in Figure 6.4.
The importance that I place upon a lesson plan stems from my teacher training
and teaching experience in the Philippines. The educational system in the
Philippines is based upon the ‘American Educational System’. The language of
instruction in all levels of education in the Philippines is English. All resources
and books are in the English Language, with the exceptions of language
subjects (Spanish and Filipino). As a public secondary mathematics and
physics teacher in the Philippines in 1970-1975, teachers were required to
prepare lesson plans for all subjects. The lesson plans were regularly checked
by the school principal. I have adhered to this planning process during my
Australian teaching. The following sections detail the components of a lesson
plan that I follow.
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Figure 6.4

Personal positioning of the researcher
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6.2.4.1

Topic

This includes the name of the topic or lesson to be presented. For example,
Year 9 Advanced Mathematics, ‘Solving Equations’. The topic heading identifies
the specific topic of the lesson. Some topics are divided into sub-topics. In the
solving equation topic, sub-topics can include, solving equations in a 2-step
method or solving equations in one ‘unknown’ such as solve for x , given that

2 x 5 8 x 3. The name of the book and page number is also specified.
6.2.4.2

Class

The lesson plan includes the year group of students the topic is intended for.
For example, Year 9 Advanced Mathematics.
6.2.4.3

Allocated time

The number of periods (in hours) allocated by the school in the time-table is
important in lesson preparation and presentation. Some schools have a 8period day (each period is allocated 40 minutes), other schools have 6-period
day (each period is allocated 55 minutes). It is common for mathematics
subjects to be timetabled a double period, including double periods on Fridays,
which posed behavior control challenges.
6.2.4.4

Objectives

The objectives of my lesson plans reflected the development of knowledge,
skills and understanding of students in mathematics. Examples of objectives
could include: inquiry, application of problem-solving strategies including the
selection of appropriate technology. Some topics or lessons in mathematics
have different objectives. For example if my lesson is “Calculus: Calculating
Volumes Using Definite Integrals”, the objectives of the lesson could include: (a)
recalling previous knowledge of solids such as cylinder, rectangular
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parallelepiped, cones, sphere and prisms, including how to sketch them, (b) to
gain knowledge of integration formulae and techniques and (c) students are
expected to sketch functions part of my sample lesson in calculating volumes
using calculus, ‘definite integrals’. The objectives of the lesson were to make
students recall the different shapes of volumes and be able to sketch them,
using this knowledge to draw functions in three dimensional perspectives as
shown in Table 6.6. Once the students can sketch functions, the other objective
is to make the students use previous knowledge from a variety of formulae
learned in calculus involving problem solving and thinking skills. This type of
lesson also involved application of mathematics in other disciplines such as
engineering problems, thus using higher order thinking skills or metacognition.
Table 6.6

Sample lesson ‘calculating volumes using definite Integrals’
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6.2.4.5

Learning outcomes (expected outcomes)

The learning outcomes that I seek may in part be described by Blooms
Taxonomy. These include the development of knowledge and cognitive
processes. These outcomes are to remember, understand, apply, analyse,
evaluate, create, factual knowledge, conceptual knowledge, procedural
knowledge and metacognitive knowledge (refer to Table 6.7).
Table 6.7

Taxonomy for learning, teaching and assessing: A revision of
Bloom’s Educational Objectives (Anderson, et al., 2001)

I was aware of the objectives of secondary education as a part of my training
and teaching experience. I embedded the acquisition of key competencies in
my objectives and outcomes for two reasons: (1) in order to enhance students
learning and (2) to prepare my students for their future life and work. I seek to
have my students:
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1.

Enjoy learning by appreciating the beauty of mathematics using
technology (see Table 6.8 for sample work of a student) and reflections of
students from using technology in research work.

Table 6.8

Sample student work: used of spreadsheet

I learnt that that the study of mathematics has been practiced more than
1000 years ago. But not only that but that it has trailed around the
world, where different countries have contributed to mathematics, from
Egypt to China. But a lot of interesting people has done a lot of
interesting things. There wasn’t very many women that contributed
though, which I found was because they were treated unfairly, which
connects to our school motto “we are born for higher things". And I am
so happy now that we are treated equally and we can express our
opinions, maths or political decisions. ....Student Y
I had no idea how interesting Pythagoras’ life was! I never knew that he
was a religious person or that he got this idea off other people. I found
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out so many different things while researching such as Plato the famous
mathematician and many more mathematicians were influenced by
Pythagoras’ theorem even though no one has ever found any of his
written work....Student Z
Facts about Pythagoras:
Pythagoras is credited with the discovery of what is now known as
Pythagoras’ theorem, which states that in a right-angled triangle, the
square on the hypotenuse (long side) is equal to the sum of the squares
on the other two sides. This can be expressed as c 2

a2

b2 .

Pythagorean triads (or triples) are sets of numbers that obey Pythagoras’
theorem. It is also thought that Pythagoras discovered that musical notes have
a mathematical pattern...Student Z
2.

Apply mathematics in to real life through collecting, analysing and
organising information (see Table 6.9);
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Table 6.9

3.

Extract from Year 11 Mathematics lesson

Use critical and logical thinking whether, using or not using technology
(See Appendix 7).

Bloom’s Taxonomy , is an important consideration in my planning. It focuses my
attention on different possible learning outcomes (presented earlier in Table
6.7).
The following are description of Bloom’s Taxonomy as applied in my own
lessons.
1.

Level 1: Requiring remembering knowledge or recall. This includes
mastery of facts and terminologies. Examples of this includes: ‘times
tables’, and the ‘different types of units of measurement used in
mathematics and science such as metres, kg, grams, hours, minutes and
seconds.
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2.

Level 2: Understanding or comprehension which involves the ability to
show understanding through interpretation. For example, in a senior
mathematics topic students could be asked to demonstrate that the ‘Law
of Natural Decay’ is,

3.

y

y0 e

kx

.

Level 3: Applying concepts. Here the students are required to apply
previously encountered rules or concepts to a new situation. For example,
in senior mathematics when using ‘differentiation’ (to find maxima and
minima). Students must also recall the rules and techniques in
differentiating algebraic, trigonometric and logarithmic functions.

4.

Level 4: Analysing. At this level, students are required to break down
learned knowledge to be able to infer assumption and comprehend
interrelationships between new ideas. As an example consider the
following example for a topic for senior mathematics regarding ‘rates of
change.’
A swimming pool is to be drained for cleaning purposes. The rate
at which the quantity of water in the pool ( R measured in litres) at
time

t minutes (after commencement of draining) is changing as

given by dR
dt

40(30t ). If initially, there was 1800 litres in the

pool, find how much water is in the pool after 10 minutes?
To complete this exercise students have to identify and distinguish what they
were asked to do.
1.

Level 5: Evaluating. This involves the ability to make decisions. For
example, a sample problem for ‘exponential law of growth of decay.’
The annual growth rate of a certain town is 2% of the population.
In 1980 (when , t

0) the population was 5 000. Determine the

population in 1990, and sketch the curve of the population against
the time.
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2.

Students could solve the problem by using their previous knowledge of
differentiation and writing down the differential equation
noting that 2% = 0.02. The solution of the equation, is N

3.

dN
dt

0.02 N ,

Ae 0.02 t .

Level 6: Creating or synthesising. At this level the students are able to
produce products either by graphing or sketching, as what is required in
the example in level 5. Technology may be used to plot the graph by using
a spreadsheet program. In my notes and example, I chose not to use
technology. My students used graphing or grid papers.

Teaching a topic involves different outcomes. It involves different cognitive
processes and types of knowledge to be attained.
In Table 6.10 the boxes were filled out corresponding to the cognitive processes
required in the given sample lesson in my Year 8 Mathematics class in 2003
and in Table 6.11, the boxes indicate cognitive processes from a lesson in
Reading and Constructing Graphs; Use of Spreadsheets, Year 11 General
Mathematics (2009).
In terms of understanding why teachers choose to use technology or not I
recognised that I made choices in my own teaching. There were times in my
lessons when I did not use technology and there were times when I used
technology. For example, in a lesson taught to my Year 11 General
Mathematics class in 2009 on the topic ‘Reading and Constructing Graphs’ I
chose to use a spreadsheet program to teach the lesson. I did this because the
topic can be taught using computer technology and was a hands-on activity for
students (refer to Table 6.11)
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6.2.4.6

Lesson presentation

Lesson planning was important to me. I organised and planned my lessons
ahead of time because I was aware of the different intellectual abilities of my
students. This is where I drew upon the intelligence theory of Sternberg (1983)
and Spearman (1904) or the theory of multiple intelligences (Gardner, 1983).
My teaching acknowledged the importance of student’s mental abilities. For
example, in a class of thirty students I was aware that my students have
different mental abilities, some were highly intelligent, some were slow learners
and others were average learners.
My lesson plans drew on three types of approaches to lesson preparation:
1.

A lesson prepared for low ability students, for example the lower classes in
Years 7, 8, 9 and 10 students (refer to Table 6.10).
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Table 6.10

Sample lesson, not using technology, Year 8 Mathematics: Rates & Ratio, Problem Solving: Example, ‘The ratio of solutes
1
(solution), A & B in a solution is 4:5. Altogether 18 grams of solute was used in 1 L . How much each solute is present in
2
400 L?

Heading:
Content taught
:Rates and Ratios
classified by
Blooms
Taxonomy

Knowledge

COGNITIVE PROCESSES
Remember

Factual

Understand

Procedural

Metacognitive

Analyse

Evaluate

Analyse
what is
being
asked in
the problem

Solve the
problem
using the
given data.

Demonstrate that ratios can be
expressed as division, ie; 4:5 =

Conceptual

Apply

4
.
5

Recall the meaning of ‘ratio’
and ‘solute.’ Recall
conversion of
measurements, ie.,1000 g
= 1 kg; 1000 mL = 1 L.
Apply rules in
simplifying
ratios

Create
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Table 6.11

Sample lesson using technology: Topic: Reading and Constructing Graphs; Use of Spreadsheets, Year 11 General
Mathematics (2009)

Heading: Content
taught : Reading and
Constructing Graphs
classified by Blooms
Taxonomy

COGNITIVE PROCESSES
Knowledge
Remember

Understand

Apply

Analyse

Evaluate

Create

Factual

Conceptual

Recall knowledge of
the different types of
graphs: line graph, pie
graph, column graph
and radar graph
Use the menu of the
spreadsheet program
to locate the formula
and graphs.

Procedural

Metacognitive

Demonstrate
the
understanding
of the use of a
spreadsheet
program, like
using the
function menu.

Analyse the ‘what if’
facility of the
program. For
example, if the
students want to
change the data into
a larger number,
what will be the
effect on formula.

Evaluate
using the
formula to
find the
mean,
median and
mode.

Produce the
desired
output in a
meaningful
way by using
the graphical
representatio
n
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2.

A lesson prepared for average students, for example Year 9 and Year 10
Intermediate Mathematics classes.

3.

A lesson prepared for top classes in Years 7, 8, 9 and 10 and to senior
mathematics, Years 11 and 12- Extension 1 and 2 Mathematics.

There are times when I choose not to use all learning theories in my lessons, for
example in the lessons across the levels provided earlier in Table 6.10. There
are also times when I choose to use technology in my lessons.
6.2.4.6.1

Motivation

The first thing I do before presenting a lesson in mathematics is to motivate my
students. This is accomplished by relating the topic to be learned to a real life
situation. I make them think by citing an example of the application of
mathematics to everyday life. For example when I teach patterns and geometry
I make them relate these topics to nature: the patterns they see in flowers relate
to ‘Fibonacci sequence’, while geometric representation are evident in a
‘beehive’. Provoking them to think is another method that can be used
introducing a topic. For example, I will write the number four ‘on the board and
encourage the students to think of how many ways how they can obtain the
number four from any mathematical operation. There are times I use ‘physical
exercise’ using the angles in geometry. I would let them stand next to the aisle
of their tables and instruct them to do ‘right angle’, ‘straight angle’, a ‘revolution’
(3 to 4 times).
6.2.4.6.2

Sequence

In most cases, mathematics concepts require teaching in a sequential way. My
teaching drew on Gagne’s sequential learning. For example if I introduce

P a g e | 276

‘quadratic equations’ to my Year 10 students, it follow a logical procedure,
rather than memorising the formula. I will let them recall the standard quadratic
equation formula, Ax 2

Bx

C

0 . The next step for the student is to recall

solving equations. Following this step, is to derive or solve for

x.

This type of

learning will be of use to the students, not only in thinking in logical way but also
if they forget the rule for the quadratic formula situation, they can go back and
recall how to solve for x .
6.2.4.6.3

Materials and resources

In my teaching career, I used different materials as tools to teach mathematics.
This included books, and a wide range of manipulatives (for example, wooden
blocks and cubes, match- sticks, papers, dice, counters, strings, rulers and
compass). In the early 1980’s I used technology tools such as like the LOGO
programming. The use of the Internet, multimedia facilities, mathematics
software and online resources have become common tools for teaching
mathematics since the early 1990’s in Australia. I have used these tools and
media in mathematics teaching together with traditional tools such as the use of
manipulatives. The use of these tools form a part of constructivist approach to
teaching and learning (refer to Table 6.12 and 6.13)
6.2.4.6.4

Strategies

In my teaching experience I used a number of strategies using Gagne’s
‘sequential approach’ to teaching mathematics (refer to Figure 6.5 and Table
6.12) to assist my students learn mathematics.
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Figure 6.5

My teaching strategies

Table 6.12

My teaching strategies and sample lessons
Strategies/Outcomes

Drill & Practice
(Behaviourism; Online Learning)

Sample Lessons
Year 7 Maths: Four Fundamental
Operations, Addition, Subtraction,
Multiplication and Division

Remember and recall of factual
information like: , , & 0 0 .

Year 8 Maths: Simplifying Fractions
(Changing to simplest form, proper and
improper fractions)

Question & Answer

Year 8 Maths: Data and Probability Before
introducing the lesson , questions and
answers should be asked to familiarise
students with terms like data..

(Cognitivism)
Understand and recall concepts like
frequency table, score and tally.
Group Work

Year 8 Maths: Data and Probability

(Constructivism and Vygotsky’s Social
learning Theory)

Lesson: Managing, organising and collecting
data.; like throwing a die 50 times. A class of
30 students of group of 5.

Create or construct frequency table to
record outcomes of throwing the die.
Practical Work
(Constructivism and Vygotsky’s Social
learning Theory)

Worksheets,
using computer
like the Internet
sites

Sets of die,
graphing paper,
pen pencil, ruler,
coloured pens,
Option: use of
technology

Same as group work. It can also be an
individual work using manipulatives in
constructing geometric shapes.

Create or construct different types of
geometric shapes.
Individual or Group Instruction

Year 12 Senior Mathematics

(Behaviourism, Cognitivism
Constructivism)

Lessons: Curve Sketching. Differentiation,
Integration, Trigonometric Functions,
Complex Numbers, Logarithms

Create or construct graphs, analyse
graphs, use of logical and critical thinking.

Materials and
Resources

Counters, blocks,
cubes, scissors,
coloured paper,
string, and
compass

P a g e | 278

The strategies included:
1.

Remembering facts: in mathematics remembering rules and symbols are
very important in learning because without those facts students cannot
make connections.

2.

The use of drill and practice, particularly when the lesson is time-tabled in
the last two periods of any day such as on a Friday afternoon. It was also
useful when teaching topics like ‘table of multiplication.’

3.

The use of question and answer in topics that needs understanding of
concepts. An example of this is the use of key words in data and modelling
(for example, tally, score, mean, median and mode).

4.

The use of group work. For example to develop students’ capability to
work as a team and also has a discipline outcome.

5.

The use of practical work, such as the use of technology and
manipulatives to develop hands-on-work to create shapes of solids.

6.

Individual or group instruction, such as focusing on individual needs to
understand basic concepts of mathematics.

6.2.4.6.5

Class activities

The type of class activities I prepare for my students depends upon the mix of
students in the class. For example in a mixed-ability class, the different types of
abilities have to be taken into consideration because if the series of questions to
be asked are too difficult, the students will not attempt to do them. Preparing
activities for students involves careful planning drawing upon ideas from
Spearman’s (1937) general mental ability theory, Thurnstone’s (1938) primary
mental ability theory and Gardner’s (1938) multiple intelligences. I prepare three
sets of activities: one for low ability students, one for average students and, one
for gifted/talented students. Table 6.13 shows examples of class activities that I
used in my teaching for three levels. The topic is the same but the examples
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range from easy to harder questions. The activities in this example involve the
use of hand-held technology not a computer technology.
Table 6.13

My sample class activities: Year 8 Mathematics

Topic: Percentages and Applications
Year 8 Mathematics

Learning Theory Used:
Intelligence and Multiple Intelligences

LEVEL 1 (straight
forward, easy
examples-catered for
slow learners)

LEVEL 2 (average
difficulty examplescatered for average
learners)

LEVEL 3 (questions are challengingcatered for high level intelligence)

1. Convert 40% to a
fraction.

1. Find 40% of $290.

1. Convert 3.4% to a decimal number.

2. Change 5% to a
decimal number.

2. What percentage is:
6 minutes to 2 hours?

2. Find

3. What percentage
is 12 of 48?

3. Increase $25 by
10%.

3. Increase 150 by 10% then decrease the
result by 20%.

4. Find 15% of $40?

4. Decrease $550 by
7%.

4. Find the simple interest of

5. Find the discount on
$45 worth of groceries
at 15%.

5. Howard’s credit card company charges
0.0516% daily interest. How much will he
be charged on credit card debt of $5 500 for
20 days?

5. Increase $450 by
5%.

6.2.4.6.6

4
% of $50.
5

$7 500 at 6% per annum for 2 years.

Evaluation of the lesson

As a teacher there are many outcomes that I want for students. I want students
to have fun, and to be motivated to think, analyse and solve problems. Indeed
these are essentially the outcomes that are prescribed by the curriculum
documents (Board of Studies NSW, 2002, p. 5). Lists of outcomes are provided
by the Mathematics Year 7-10 Syllabus, Board of Studies, 2002, p. 5. Broad
outcomes included are that students will:
1.

Understand and communicate ideas and information;

2.

Access, analyse, evaluate and use information from a variety of sources;

3.

Work collaboratively with others to achieve individual and collective goals;

4.

Understand and apply a variety of analytical and creative techniques to
solve problems;
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5.

Possess the knowledge and skills to maintain a safe and healthy lifestyle;
and

6.

Be productive, creative and confident in using technology and understand
the impact of technology in society.

In order to discover if students learn from the lessons taught to them it is
important to assess if they learned the concepts and can apply it to real life
situations. One way of evaluating these outcomes is through giving them class
tests, topic tests and assignments.
Term tests are mandatory on the prescribed syllabus (Board of Studies
Mathematics Syllabus, NSW, 2002). I exercise choice to use technology in
topics such as curve sketching, probability and statistics because I am aware of
the impact of using technology in enhancing student learning. In NSW there are
strict guidelines in assessing the performance of Year 11 and 12 students
studying for their HSC (Higher School Certificate). The Board of Studies in New
South Wales does not include the use of computer technology in the HSC
examination of Years 11 to 12 Mathematics (General, 2 Unit, Extensions 1 & 2).
6.2.4.6.7

Homework

Homework is an important aspect of teaching. This is a follow up method to
encourage students to practice relevant concepts previously learnt in class.
Homework can include research work using the Internet to find information. In
my teaching career I have utilised homework to further enhance my students
learning and understanding of mathematics.
The final approach to identifying the paradigms, theories on practices that
teachers used in teaching involved the examination of literature specially
focused on learning theory in mathematics using technology.
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6.2.5 My teaching experiences and beliefs about using technology in
teaching
I believe that technology is essential in teaching and learning mathematics. It
influences the mathematics that is taught and enhances student learning
(Posamentier and Stepelman, 2002, p.11). As educators we have to prepare
children to function in the real world, and we have a responsibility to use
technologies to solve problems they will encounter in every day situations such
as banking and finance (investing and borrowing money), consumer arithmetic
(shopping for the best buy) and statistics (understanding what is presented in
tables and graphs that appear in the newspapers, media and television). The
appropriate use of instructional technology tools is integral to the learning and
teaching of mathematics and to the assessment of mathematics at all levels
(Heddens and Speer, 2001).
As mathematics and computing teacher for more than two decades, I have
witnessed a decline in the number of students taking higher level mathematics
in the senior years of secondary schools. Many students dislike learning
mathematics because of the complexity of its rules. My observation is that most
students preferred easy work. Thinking and problem solving is a struggle for
them. However, with the aid of computers, students who do not like learning
mathematics can be motivated by the interactive role of software packages.
Most students like learning through hands-on experience, that is ‘learning by
doing’ as advocated by constructivist learning theory. Students like to use
software packages such as spreadsheets and data bases, graphics,
multimedia, mathematics software and the Internet. Students should know how
to use these tools, and to be able to communicate and access information using
the Internet and multimedia facilities.
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Based on my teaching experiences I strongly believe that the use of computer
tools can assist student performance. This also pertains to gifted and talented
students. Some of my experiences in using computer technology tools in the
classroom, as well as in gifted and talented students’ programs, and conducting
workshops in national and international conferences in mathematics and
technology education are presented in Table 6.14.
In general, I have used various strategies and approaches to integrate
computer technology into mathematics teaching and learning. The approaches I
have experimented with and implemented in my classrooms worked well for
students in enhancing their learning. My observations are supported by student
evaluations of topic lessons which showed that the students are much happier
when using computers in mathematics. Their level of enthusiasm learning
increased, students who are unsettled in a normal classroom behaved very well
and they stated “we should use computers more often, than sitting in a
classroom using pen and paper which is boring”…student comment in my Year
9 Intermediate Class, 2003…Ashley
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Table 6.14

Researcher’s experiences in computer technology use

Nature of Experiences in
Using Computer
Technology

Types of Computer
Technology tools Used

Outcomes

Classroom teaching (all
levels of education, but the
emphasis is on high school
teaching)

Software tools: Word
processing, databases, Excel,
desktop publishing,
PowerPoint, graphics program

Improved student learning by using
their thinking skills in the
management of data, organizing
information and research abilities.

Programming Languages:
BASIC programming,
PASCAL, Visual Basic,
Robotics (ROBOLAB),
HTML/DHTML/XML/JavaScript

This was achieved through
assessments using the Bloom’s
Taxonomy of Learning Objectives
as mandated and embedded in the
New South Wales Department of
Education Mathematics and
Technology Curriculum.

LOGO programming
Online Learning: The Internet,
websites
Multimedia and hypermedia
tools: Kid-Pix, Adobe
Photoshop, Corel Draw, Adobe
Premier, Video Conferencing,
Electronic White Board,
Gifted and Talented
Programs, sponsored by
the New South Wales
Department of Education
and Training, Australia

Web page design: using
programming codes,
HTML/DHTML/XML/JavaScript

Students who participated in the
programs learned to create web
pages and to create their own
websites. This was achieved
through their effort in using their
higher level thinking skills. They
also produced quality magazines as
a part of the program objective.

Mathematics and
Computing Conference
Workshops Presenter
(national and international
levels)

Web page design: using
programming codes,
HTML/DHTML/XML/JavaScript

Participants (teachers, parents,
technology leaders, professors)
from a number of conferences
learned how to develop their own
web sites for teaching purposes.

MEd research – a case
study approach on the use
of the Internet in teaching
and learning in secondary
schools

Title of thesis: Implementation
of Government’s Computers in
Schools Policy: a Case Study

Students gained a range of benefits
like the development of research
and inquiry skills.

(Hudson, R., 2002), published
thesis in book form [Hudson,
R. (2009). Digital Learning:
Use of the Internet to Improve
Student Performance.
Saarbrucken, Germany:
Lambert Academic Publishing
AG &Co. KG.]

General quality of essay writing
improved due to the Internet
training and usage.

I have used technology in my teaching, and this inspired me to undertake this
study. Student comments show that they were motivated to learn; their level of
enthusiasm to learn mathematics is increased using technology.
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The reasons or evidence for my personal positioning viewing technology as a
positive influence in learning is illustrated below. The following are students’
comments following a Standard Course lesson in Year 9. The topic taught was
‘Mathematics in our Environment.’ The software used was Microsoft Excel
(spreadsheet program).
I think that computers are a heaps better way to learn because it is more
fun than just sitting in a classroom doing work with pen and paper. We
think that we should use computers more often than we do.
I had a jolly good time on the computers. It is educational and it’s better
than sitting over a textbook which half the people forget any way. We
should do this more often. Practical RULE!!!
This is so much fun, if I keep on doing it I will get addicted.
I think working with computers is much better and lots of fun. Working in
the classroom is boring.
I think that maths in a normal classroom is boring. On the computers is
not boring, it is “cool”. On the computers it is quick and easy.
This is better than writing on a book and it is quicker and easier.
This is better than sitting in a classroom doing book work. It’s quicker.
Having used a spreadsheet program to teach my Year 9 students a lesson in
solving equations students commented:
Today I learnt some new things. They were pretty cool. I like using this
application and it is very fun. This has been an awesome experience.
Working out and finding formula on Excel was a simple and
understandable way to do substitution. It was interesting learning how to
do it another way other than by hand. It makes the process faster. I
enjoyed learning this process and I am sure it will help in me the future.
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Computer tools such as the Internet can be used to enhance student learning. A
lesson and assignment I gave to my Year 7 Maths was to find out about the
“History of Mathematics” using the Internet, books and encyclopedia. They were
given 4 weeks for their research. The students were given clear instruction on
the outcomes to be tested such as presentation, clarity, management of data,
reflections on what they learned from using the Internet, and criteria for marking
their project. They were also asked to word process their work. The results of
the assignment revealed willingness to their project. They presented excellent
assignments. Not only did they learn how to research and manage data, but the
assignment also developed their literacy skills. At the end of the individual
assignments, the students wrote reflections regarding their research. Two
typical comments are:
I have learnt about the different types of numbers and the many usages
and languages for them. I think that the “tally sticks” would be really
easy. As you all have to do is insert a notch in a stick for everything you
want to count. There are many different types of ways, which you can
use mathematics in everyday life such as, cutting pizza, as you have to
divide it into pieces. Banking money where you have to work out the right
money to put in, or take out. Paying for lollies, clothes, or groceries at a
shop. By using a calculator to add up things. They are just a few
examples of what you can use in everyday life.
I really enjoyed writing out this assignment. It gives us a lot of information
on the history of mathematics. Different number systems have grown
from books, faces on clocks and buildings, which have the date of
construction. We use it in everyday life.
It is my belief that when students are motivated to learn mathematics and have
fun in learning mathematics, they become enthusiastic learners. This has the
effect of increasing their attention enabling them to grasp the concepts being
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taught to them. Thus learning and understanding the subject matter becomes
easier and their mathematical and thinking skills are developed. Hence
evidence suggests to me the use of technology as a tool has the potential to
enhance student learning in mathematics.
It is not the computer technology itself that makes the student learn, but rather it
is the student’s use of their intellectual capabilities (thinking skills) to use and
manipulate the software tools that promotes learning. My experiences in the
classroom and in workshop presentations are supported by the ‘case study’ I
conducted in my master’s degree research. The following are the highlights of
my research (Hudson, 2009):
Results of the study found that teacher training in the use of the Internet
enhanced teaching and learning through teacher’s observation and
experiences in the classroom. Teachers believed that classroom
management strategies improved due to the teacher training, but
students gained a range of benefits like the development of research and
inquiry skills among students. The teachers also believed that the use of
the Internet enabled the students access to a variety of on-line resources
when assigned research topics, thereby enhancing the research topics;
general quality of essay writing improved due to the Internet training and
usage; research and data management by students were enhanced by
the real-world simulation of experiences via the Internet.
6.3

Summary

This chapter explored teachers’ choices in using and not using technology.
However, learning theories were first examined, and their application to
teaching and learning. A review of literature on learning theories were explored
as applicable to teaching with technology in general, and in particular to
teaching mathematics. An accredited mathematics preparation course was also
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examined to identify whether subjects are inclusive of learning theories. Finally
a personal positioning of the researcher’s teaching experiences that included:
lesson plans, teaching strategies, teaching materials used and not used of
technology, learning theories used in teaching, and researcher’s involvement in
professionally developing teachers in technology was presented. Whether this
exploration will connect to the beliefs and experiences of the experienced and
inexperienced teachers’ interviews will be confirmed in Chapter 7.
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Chapter 7
Interview: prospective and practicing
teachers
The purposes of interview in the wider context of life are many and varied. It
may be used as a means of evaluating or assessing a person…; for testing and
developing hypotheses; for gathering data, as in surveys or experimental
situations; or for sampling respondents situations …(Cohen and Manion, 1985,
p.291).
7.1

Introduction

This chapter is presented in two sections: Section A (inexperienced teachers)
and Section B (experienced teachers). Section A present the results of data
gathered from the interviews of prospective teachers in mathematics from
University of Wollongong who were enrolled in 2010 in the Bachelor of
Mathematics Education degree offered by the University of Wollongong
(Australia). Throughout the thesis the term ‘inexperienced’ was used to
represent prospective or student-teachers. Section B covered the results of the
interview of practicing mathematics teachers from a Catholic Secondary High
School (Australia). ‘Experienced’ teachers represent current practicing teachers
used in the study.
The first study of the research left unexplained areas in the use and non use of
technology in mathematics teaching. To investigate teachers’ choices in relation
to the use of technology, it was deemed necessary to follow-up with further
review of literature focusing on the choices teacher make, potentially guided by
how these learning theories and in particular these are used in mathematics
teaching with technology. To obtain more answers to this conundrum, it was
appropriate to interview prospective teachers, new teachers, retired teachers
and current teachers in the workforce in relation to teaching with technology.
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The interviews were undertaken as a means of triangulating the research by
deepening the exploration of why and how teachers teach with or without use of
technology.
In this chapter the focus was on identifying teachers’ choices in relation to
teaching mathematics in particular how they teach the use of learning theory in
choices they make about teaching and using technology.
7.2

Identifying learning theories

The study addresses the three components contributing to teachers’ choice of
use and non use of technology in mathematics teaching. The three components
examine how teachers prepare their lessons, the teaching materials they use
and teaching strategies they employ including learning theories applicable to
their teaching. The exploration of teachers’ choices in the use of learning theory
about teaching and using technology is illustrated in Figure 7.1. Within each of
these areas there are finer levels of choice as detailed in Figure 7.2.

Figure 7.1

Diagram of teachers’ choices: use of technology and learning
theories
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Figure 7.2

7.3

Examples: choices about teaching, use of technology and learning
theories

Interview process and analysis

Prior to looking at the interview process and analysis of the interview with the
respondents, the definition of a ‘research interview’ is provided:
Research interview is a two-person conversation initiated by the
interviewer for the purpose of obtaining research-relevant information,
and focused on content specified by research objectives of systematic
description, prediction, or explanation. It is an unusual method in that it
involves the gathering of data through direct verbal interaction between
individuals (Cohen and Manion, 1985, p. 291).
Interviews have long been used in research as a way of obtaining data from
detailed information about a topic or subject, and in many situations the use of
research interview rather than of using a questionnaire can be an indicator of
greater importance being attached to the participants of the research topic
(Birmingham and Wilkinson, 2003, pp. 43 & 44). The interview is used as a
specific tool for research, and can be ‘formal’ and ‘less formal’ (Cohen and
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Manion, 1985). In using formal interviews, questions to be asked are set and
the answers are recorded on a standardized schedule. Whereas, in a less
formal interview, the interviewer is given the freedom to alter or modify the
sequence of the questions, change the wording, explain or add to them.
Others identify three models of interviews. They are classified as: the
unstructured interview, the semi-structured interview and the structured
interview (Birmingham and Wilkinson, 2003, p.45). The unstructured interview is
a very flexible approach. Areas of interest are established by the researcher but
the discussion of issues is guided by the interviewee. This allows some control
over the interview for both interviewer and interviewee. Unstructured interviews
can be difficult to plan in terms of time to begin the event, they are difficult to
‘steer’ if the discussion gets away from the subject matter, and they can prove
extremely difficult to analyse. The semi-structured interview has less flexibility
and the interviewer directs the interview more closely. There are more
questions that are predetermined than the unstructured interview. Unlike the
other models for interviews, the structured interview may provide an easier
framework for analysis. The interviewer has control over the order of questions
because they are predetermined. In structured interview, there is an element of
predictability which allows the event to be timetabled with some precision.
Adding the research interview technique to the first study conforms to the
concept of ‘triangulation’ which is defined as ‘the use of two or more methods of
data collection in the study’ of some aspect of human behaviour (Cohen and
Manion, 1985, p. 254). Cohen and Manion noted that triangulation techniques
are more suitable when a more holistic view of educational outcomes is
envisaged. Further, exclusive reliance on one method may distort or bias the

P a g e | 292

particular interpretation of the phenomena being investigated. The more the
methods contrast with each other, the greater the researcher’s confidence
obtaining the validity and reliability of the results (Cohen and Manion, 1985, p.
255).
7.3.1 Procedure/method
The method involved in this research utilised ‘semi-structured’ interviewing with
the enactment of the interview as a conversation. In this interview approach the
interviewer directs and guides the person being interviewed through a dialogue.
One of the advantages of ‘interview process,’ is the direct contact and
observation of the participant.
The single study used at the beginning of this inquiry did not sufficiently reveal
why teachers did or did not use technology in mathematics teaching. Hence, a
second study, ‘the interview’ of experienced and inexperienced teachers was
designed to complement the findings of the first study, by focusing on when or
why teachers choose to use technology rather than broaden the question did
they use or not use technology.

Section A (Inexperienced Teachers)
The interviews in the second study (interview 1) were with inexperienced
teachers. These were classified into two groups. Those who were involved with
practice teaching (n = 5) and those engaged in training (n = 3). See Figure 7.3.
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Figure 7.3

Diagram of study 2 (research interview with inexperienced
teachers)

7.3.2 The interview: inexperienced teachers
The interview was face-to-face. The conversational interview was preceded by
the usual ethical requirements of stipulating the purpose of the study, the nature
of confidentiality, participant information sheet (refer to Participant Information
Sheet, Table 7.1) and a consent form. The types of questions asked were semistructured and open-ended questions. During the interview the respondents
were given freedom to express their views and answers. At the beginning of the
interview, ‘rapport’ was established by making them comfortable to express
their views regarding the subject of the interview questions. They were informed
that everything they say is voluntary and they should feel no pressure to provide
information. It is frequently suggested that it is important for the interviewer to
achieve ‘rapport’ with the respondents (Bryman, 2008, p. 201). The respondents
were provided with instructions before proceeding with the interview. The
researcher introduced herself and then permission to tape the interview was
sought as follows:

Do you mind if I record or tape our interview? I won’t be identifying you or your school but it
helps me.
I would like to listen to you to talk about how you plan your lessons, say for 5 minutes and I
will not interrupt you. You can say anything, for example planning to teach or if you have
personal view or theory about what you do; what sorts of materials you use, when and how
you use technology; what teaching strategies you do.
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The use of ‘probes’ were also utilised in the interview because the researcher
wants to clarify an answer from the interviewee. For example when a question
was asked to student-teacher respondent number one such as:
Having chosen Stage 4 of the syllabus as your topic, how do you plan your lessons?
Answer: Start with the syllabus and teaching outline that the school has, have a look at the
textbook, ...I used overhead projector. I also did some research on the Internet try to find some
interesting activities.
The researcher asked the student if she can be interrupted at this point. The researcher asked
a follow-up question.
How do you use the Internet?

‘Prompting’ occurs when the interviewer suggests a possible answer to a
question to the respondent (Bryman, 2008). In this interview, ‘prompting’ was
also undertaken during the course of the interview. For example when the
student-teacher cannot recall the ‘learning theories and theorists’, she was
guided to recall them, see questions and answers below.

Researcher: In your teacher training did you learn any educational theory applicable to
teaching mathematics?
Answer: I am not so much of technology. I am more interested in Vygotzky’s ‘zone of proximal
development’. I really like that because that’s how I teach, and that’s how I see my students.
Researcher: What about Piaget? Do like Piaget?
Answer: I like Piaget.
Researcher: Who else can you remember?
Answer: We learned about Pavlov’s dog.

The sample questionnaire used for interviewing the BMEd second year students
is shown in Table 7.1.
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Table 7.1

Interview Questions: BMEd students (second year)

Interview Questions (BMEd students)
Good morning/afternoon. My name is Rebecca Hudson. Thank you for agreeing to meet with
me. I am completing a study on the choices teachers make in their teaching and in particular
the planning of that teaching.
1.
2.
3.

Do you mind if I record or tape our interview? I won’t be identifying you or your school
but it helps me.
I am wondering if you could let me know what years or levels of Mathematics you have
taught (or taught in practicum).
Can you choose any year (Years 7, 8, 9, 10, 11 &12 Mathematics) from the list that you
taught, read them quietly and tell me how you planned your lesson and teach that
lesson in class?

For example,

4.

Why do you prepare your lessons?
How do you prepare it?
What materials did you use in teaching your lessons?
What strategies did you do?
Did you teach the topics in the same way?
Did you use computer technology in teaching your lessons?
If you use technology in your teaching, what software did you use?
In your teacher training, did you learn about educational theory applicable to
mathematics teaching? If so, what are they?
Can you explain the theory as applicable to mathematics teaching?
In future, are you going to use technology in mathematics teaching?
Why do you think using technology is important in mathematics?
Is there anything else you would like to say about this interview?

Thank you very for participating in this interview. Your input will be valuable to my study.

Table 7.2 and Table 7.3 present information from the inexperienced teachers
about the subjects and topics in mathematics they taught in their practice
teaching, the use of technology, the types of technology used in teaching, the
technology they learned in teacher training, educational theory they learned in
teachers training and the types of leaning theories they applied in practicum.
However, the researcher considered the other two as inexperienced teachers
because they were newly qualified teachers in the workforce only teaching parttime, so in the presentation, discussion and analysis of the interviews with them
will be integrated with the practicing teachers.
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Each student response to the interview was recorded, transcribed and analysed
by the researcher. The answers from the BMEd students are a reflection of their
practical teaching experiences and the concepts/theories they learned from
teacher training. They are inexperienced teachers, so they share their beliefs
and choices based on their training and limited teaching experience, and it is
thought possible they will use those choices in teaching in their future careers.
7.3.3 Presentation and analysis of responses
The researcher transcribed the interview conversations with the inexperienced
teachers, and documented their comments, beliefs, ideas, teacher training
experiences and practical experience in teaching mathematics subjects (twoweek practicum). The analysis is in accordance to the model using three
components how teachers prepare their lessons, the teaching materials they
use and teaching strategies they employ including learning theories applicable
to their teaching.
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Table 7.2

BMEd students (second year, n = 4; fourth year, n = 1), Wollongong University: Total number of samples (N = 5)
Student 1

Student 2

Student 3

Student 4

Student 5

Subjects
taught in
practicum

Stage 4 (Years 7 & 8
Mathematics);
Stages 5.1 & 5.2
(Year 9
Mathematics)

Stage 4 (Years 7 & 8 Mathematics)

Stage 4 (Years 7 & 8
Mathematics); Year 11
Mathematics

Stage 4 (Years 7 & 8
Mathematics)

All years, 7, 8, 9,
10, 11 & 12

Topics taught

Number,
Measurement and
Data

Number, patterns & algebra, Data and
measurement

Algebra

Number

Algebra and
trigonometry

Topics where
technology
was used

Data

No mention of specific topic

None specified

Number (fractions)

All topics

Material
used: use
and not use
of technology

Syllabus outline,
textbooks, overhead
projector; Internet,
Picture TV Australia,
Teachers TV.com
.au, Pictures TV UK

Worksheets; Smart Board and laptops

Instructional, like giving
examples and use of
white board

Using lesson plans with
outcomes, textbooks ; Smart
Board, The Internet, UTube
Video, TALE (Teaching and
Learning website of the
NSWDET)

The Internet,
laptops, Smart
Board and
Geogebra

Technology
learned in
teacher
training

No mention about
technology learned in
teacher training

Not mathematics specific but in
general use of basic program like
Microsoft Word, PowerPoint, Excel,
Smart Board Program

Not enough technology
use was taught in
teacher training. Only
taught a couple of
lessons using Smart
Board

No mention about technology
learned in teacher training

Not specified

Educational
Theory

Constructivist,
behaviourist and

Different types of learning styles

None specified

Vygotsky’s ‘zone of proximal
development

Vygotzky’s ‘zone of
proximal
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learned from
teacher
training

information
processing (explicit)

Educational
theory and
teaching
strategies
used in
practicum

Constructivist or
guided discovery
approach,
behaviourist
approach and
information
processing (Bruner’s
three stages of
learning maths: (1)
inactive stage, (2)
iconic stage and (3)
abstract ideas.

Behaviourist theory of learning
(repetition)

None specified

The student applied
Vygotsky’s ‘zone of proximal
development’ in practicum.

Not specified

Choices
made in
relation to
learning
theory linked
to technology

The student-teachers
made a choice of
using Bruner’s theory
of information
processing.

The student-teacher made choice to
use behaviourist theory of learning
(using repetition in mathematics
teaching).

The student teacher
made a choice to use
technology in teaching
when in the workforce.

The student-teacher
preferred Vygotsky’s ‘zone of
proximal development’ to use
in teaching mathematics
because that’s what she
teaches, and that’s how she
sees her students learn.

A combination of
both ‘chalk-andtalk’ and
technology.

development,
Piaget and
constructivism
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Table 7.3

Completed BMEd degree at Wollongong University: Number of samples (N = 3)
Inexperienced teacher 1

Inexperienced teacher 2

Teacher 3 (limited experience)

Subjects taught in
practicum

Years 5, 6, 7, 8, 9, 10, 11 and 12 mathematics.

Years 8, 9 and 10 mathematics

Years 7, 8, 9, 10, 11 & 12

Topics taught

Probability, fractions and solid shapes

Trigonometry

All topics

Topics where
technology was
used

Solid shapes, probability; most lessons in
mathematics

Trigonometry, graphing parabolas. All topics in
mathematics.

Homework using ‘Maths Online’

Technology used

Smart Board, laptops, the Internet (Google
SketchUp; Fractions Online; WebQuest site),
Geogebra software, spreadsheets, PowerPoint
presentation

The Internet (Mathletics site; Geogebra
software) and Smart Board.

Worksheets from the Internet,
‘Maths Online’

Technology
learned in teacher
training

PowerPoint presentation and WebQuest

Material s used

Textbooks, laptops, the Internet (Google SketchUp),
Geogebra software, spreadsheets and PowerPoint
presentation

Pen-and-pencil, text books, black board,
Geogebra, Smart Board and the Internet

Pen-and-pencil, text books, black
board, worksheets, Smart Board
and the Internet

Education theory
learned from
teacher training

Constructivist, behaviourist and information
processing (explicit)

Vygotsky’s theory and Piaget’s theory

Constructivist and behaviourist
theory of learning

Educational
theory and
teaching
strategies used in

Behaviourist theory of learning (Use of ‘drill and
practice’, ‘group work’, ‘practical work’ like the use of
buzzer and bell)

Constructivist learning theory (investigation by
using the Internet sites such as Mathletics,
demonstration and practical exercises)

All topics

Question was not asked

(explicit)

Behaviourist theory of learning ,
use of ‘drill and practice’
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Vygotsky’s theory of proximal development,
Piaget’s cognitive learning theory.

practicum

Choices made
linked to learning
theory

The teacher chose to use technology in most of her
teaching

A combination of both ‘chalk-and-talk’ and
technology.

A combination of both ‘chalk-andtalk’ and technology.
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Taking into consideration all the responses of the respondents, the researcher
analysed the responses by comparing and contrasting the comments. The
similarities in the respondents’ experiences in the preparation of their
mathematics lessons can be attributed to the use of mathematics syllabus,
teaching outlines provided by the schools and technology resources. In the
preparation of lessons, the respondents integrated the use of materials,
technology and learning theories (implicitly). The components discussed
include:
1.

Lesson preparation (Section 7.3.3.1)

2.

Teaching materials (Section 7.3.3.2)

3.

Teaching strategies (Section 7.3.3.3)

The first component to be presented and analysed are the responses of the
inexperienced teachers’ in relation to lesson preparation

in teaching

mathematics. The names used are fictitious to abide with the non-disclosure of
the identity of the participants in the study.
7.3.3.1

Lesson preparation

After showing the syllabi outlines to the respondents (inexperienced teachers),
they were asked how they prepared their lessons. In responding to this question
Ashley’s response was:
I start with the syllabus and teaching outline (see example in Table 7.4)
that the school has, asked the teacher where they are up to which need
to be covered, have a look at the textbook, and mostly I work from the
textbook. I choose which questions they have to answer. Have a look at
things how can I best explain the topics. Primarily I was using a
blackboard when I taught the subject, there was no whiteboard in the
room, in some lessons I used overhead projector. I also did some
research on the Internet try to find some interesting activities.
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At this point of questioning, Ashley spelled out the materials she used when
introducing a mathematics topic, like she uses mostly textbook and board work.
She also mentioned using the Internet as a resource for topics of more interest
not available in the textbooks. An example of a topic from a mathematics
syllabus is presented in Table 7.4
Table 7.4
STAGE: 5

Sample syllabus/teaching outline, Stage 5.1 (Year 10 Mathematics)
YEAR: 10

SUBJECT: Mathematics

UNIT: FURTHER ALGEBRA (5.1 OPTION)

TERM: 4

TARGETED OUTCOMES:

TIMING: 3 weeks

ASSESSMENT:

PAS5.2.1 Simplifies, expands and factorises algebraic
expressions involving fractions
PAS5.2.2 Solves linear and simple quadratic equations,
solves linear inequalities and solves simultaneous
equations using graphical and analytical methods

Complete Stage 5.2 Outcomes for Year 10: Algebra and Linear Equations (Term 1)

Source: Mathematics Syllabus 2002, NSW Board of Studies

Another response to the question was by Suzane, she commented that she
usually uses worksheets and technology. The questions and answers were:
Question: Having chosen Stage 4 of the syllabus as your topic, how do
you plan your lessons? For example, what materials do you use, what
teaching strategies do you use?
Answer: Well, materials like that, I make up my own.
The researcher asked the student if she can be interrupted at this point.
Question: When you say you make your own, what do you mean by
that?
Answer: I usually use worksheets.
Question: Do you use technology in your teaching?
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Answer: Depending on the topic. Particularly when you are in Years 7
and 8 you are trying to teach the basic concepts and they need to learn
those concepts before they can apply them. So it becomes hard to get
them to apply the concept they have not learned and a lot of the time in
maths when you are teaching these concepts it is just learned by
repetition. So for example when I am teaching like how to solve an
equation it just comes doing the equation and then when the students
are competent in doing the equations then you can put something more
into it. It becomes you will be able to teach the contents.
Suzane just thought of using worksheets without referring to the use of syllabus
and books compared to Ashley. Both used technology.
When John was asked how he plans his lessons, he responds to the question
as follows:
Question: Having chosen Stage 4 of the syllabus as your topic, how do
you plan your lessons? For example, what materials do you use, what
teaching strategies do you use?
Answer: Textbooks mostly. That’s about it really.
A similar pattern occurred to that of Suzanne and Ashley in the use of textbooks
to prepare a lesson in mathematics, however there was no mention of using
technology. In general terms, textbooks in mathematics provide a very simple
structure for a lesson plan. For example, for topics in algebra specifically “like
terms” in Table 7.5 are shown step by step explanation for the students of the
concepts being taught. The textbooks have exercises and worksheets students
can use, through the direction and guidance of the teacher. For example (Table
7.5),
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Sample lesson in algebra, “Like Terms”

Table 7.5

Sample work from a textbook. [Reference: Compton, J, Jones, A. & Nicolas, P.
(2006). Mathematics Study Guide Year 8. Australia: Pascal Press]
Topic: Algebra
Sub-topic: Like Terms
1.

Introduction of the Lesson:

First the teacher introduces the definition and process of collecting like terms.
Like terms are those terms of the expression which have the same pronumeral or
pronumeral parts. For example:
2 x, 5x,4 x and 8x are similar terms because they have the same ‘literal
coefficients’
4 x,3 y,5z and 6 xy are unlike terms (note: xy is the same as yx )

Collecting like terms:
When adding or subtracting pronumerals, only like terms are added or subtracted.
For example:
Simplify the following,
a.
b.

5x 2 x x

2.

Giving examples and going through the process

2x 6 3x 2

Steps or solution:
a.

5x 2 x x

= x (5+2+1)
= 8x

Note: x

1x

b. 2 x 6 3x
= (2x 3x) (
= 5x
8
= 5x 8

2

6 2)

Reason: grouping similar terms
Reason: adding directed numbers

3. Evaluation by giving work exercises from textbooks.
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Another comment from a respondent from Sarah regarding how she
prepared her mathematics lessons through the use of textbooks, as follows:
Question: Having chosen Stage 4 of the syllabus as your topic, how do
you plan your lessons? For example, what materials do you use, what
teaching strategies do you use?
Answer: I plan my lesson using textbooks, using lesson plans with
outcomes
Question: It is interesting that you mentioned about outcomes. When
you plan a particular lesson, can you give me an example, the topic,
materials and the outcomes that you want to achieve from it?
Answer: The outcomes from the syllabus. I actually type everything up
before I teach.
Question: What topic for example?
Answer: Fractions. I cannot remember the exact outcomes from on top
of my head. I put down specific outcomes on lesson plans.
The respondent used textbooks to prepare her lessons, but she actually talked
about how she prepares it by word processing the topic lesson before hand.
The next inexperienced teacher who was interviewed is Amelia, who is in her 4th
year in the BMEd degree. When asked about her lesson preparation, she
straight away mentioned using technology, the use of PowerPoint presentation
in her lessons like a geometry lesson. The following conversation occurred
during the interview:
Question: What particular topic do you want to talk about because I
would like you to tell me how you prepare your lesson, what materials
you use, what strategies you use to encourage students to learn?
Answer: Most lessons I use PowerPoint Presentation, I find that I can
control how fast, how slow I can go that way and I can see what student
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a are writing, I can walk around and see what they are doing if they are
writing or they are not writing and I also want to print out slides that I
have and I take out words and diagrams so we have to fill in bits of it
while we go. When I do my PowerPoint I make sure that they are not too
cluttered with information. Most of my lessons, for example in geometry
we did the geometry quiz show. That was the first thing we do like revisit
years7 and 8. This is for year 9 class and I had a geometry quiz show,
that’s the first thing I did and they got into teams of 3 and they had a little
buzzer and the bell we got we had different bell and one had a colour
bell, so there are three different types of bell we had.
In Amelia’s lesson preparation she outlined detailed information like giving
quizzes, using group work and collaboration, moving around the classroom to
see if the students are working or learning, and watching the students working.
Implicitly, Amelia used learning theories in this lesson like motivating the
students to learn to start the lesson, from her comments “first thing I did and
they got into teams of 3 and they had a little buzzer and the bell we got had
different bell...”
Robyn is another respondent who also just completed her teacher-training
degree. She talks about her lesson preparation for a geometry lesson when she
uses ‘investigation’ methods with the aid of an online resource called
‘Mathletics’. She explains how she uses it together with the students. Below are
the comments from the conversational interview. The researcher used prompts
to obtain answers from the respondent.
Question: What I would like to ask is lesson planning, how do you
prepare your lessons?
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Answer: I always prepare my lessons as units so I have my sequence
lessons starting at basic topics and then moving through…I do an overall
unit first, if I am teaching trigonometry in Years 9 and 10.
Question: Can I stop you with that. What particular topic you are talking
about?
Answer: Trigonometry
Question: What topics in trigonometry for example?
Answer: Basic trigonometry, application of trig ratios fro the Stage 6 and
Stage 5. The SOCATOAH that I teach.
Question: How do you teach it?
Answer: I would always use diagrams on the board for that and explain
side opposite, adjacent and hypotenuse, and then tell them about the
trigonometric ratios and how it works. I have not incorporated technology
in that unit before.
Question: Can I stop you again? Do you get your students involved in
the presentation of lessons?
Answer: I get them to do investigation.
Question: How do they investigate?
Answer: When they jump on the web. I get them to use Mathletics.
Question: Can you explain Mathletics to me? What procedures do they
use?
Answer: Mathletics is mathematics online. It is just a web-based
program that they can practice basic skills in mathematics. In terms of
understanding, I don’t know if they increase understanding but it can
reinforce the application of it
Question: What steps do you do when they are online, for example do
they have laptops?
Answer: Normally they are in the computer room. Years 9 and 10,
basically they have their laptops now so we can use the laptops in the
classroom. However, there is always problem with the service (SP-
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service provider). You never get a full class of being able to use the
Internet, there is always something that is stopping one or two students.
The next respondent interviewed completed her teacher training degree in
mathematics a year ago and she had experience as relief/part-time teacher.
When Claire was asked how she plans her lessons, she mentioned the
organisation of lessons through using textbooks and preparing worksheets to
reinforced learning of the topics, and to make sure that students have enough
work to do during the lesson. The conversation that occurred during the
interview is as follows:
Question: What I would like to do is to ask you how you plan your
lessons, strategies, the use of technology and educational that you
learned from teacher training.
Answer: I just do one-on-one when I am tutoring students. So I just give
a record of what they are up to. So I always plan my lessons to do
revisions at the start to make sure that I’ve remember everything that we
are just going over and just basically keep up with what they are doing at
school. Within the schools when I am planning lessons I always make
sure that I have enough work organised just to give advanced work to
students, maybe they finish early.
Prompt: The researcher asked the student if she can be interrupted at
this point.
Question: In what way do you have more work organised?
Answer: I have to set questions from the textbook for something I want
to work on. I make sure that I have extra worksheets, something handy,
just in case there are students who finished early in the class so they are
not sitting there. I don’t necessarily give the worksheets to the students
but I want to make sure that they have enough work to do.
The first respondent who was interviewed completed his teacher training degree
in mathematics and has been teaching part-time. Mathew taught all levels of
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mathematics, Years 7-12. His experience as a teacher for three years revealed
that he consistently used textbooks and worksheets. As has been stated earlier,
the responses to how inexperienced teachers prepared their lessons reveal a
mixture of teaching materials and teaching strategies. It can be seen from
Mathew’s responses that the use of teaching materials includes books and
worksheets (from online resource).
Question: Given that you taught topics in Years 7, 8, 9, 10, 11 &12, do
you mind if we focus on Year 8 topic?
Answer: I don’t mind if we focus on Year 8 Mathematics.
Ques4tion: I would like to listen to you to talk about how you plan your
lessons. You can say anything, for example:
1.

planning to teach
Answer: In ‘planning ‘in my lessons I follow the syllabus plan, I follow the
‘dot points’ of the program for each year including the syllabus outcomes.

2.

personal view or theory about what you do
Answer: My personal view in mathematics is using the basics, like
worksheets.

3.

what materials do you use in teaching the subjects
Answer: I use worksheets and the Internet, like ‘Maths-Online’

4.

when and how you use technology;
Answer: Technology can be used in all areas of mathematics.

5.

what are the teaching strategies you apply in the classroom?
Answer: I teach mathematics without using practical lessons. Practical
work can not be used in class because of the problem of controlling
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student behaviour. Students become playful and can get away from
working.
7.3.3.1.1

Summary

The diagram in Figure 7.4 shows the common way of preparing and introducing
mathematics lessons. Among the eight inexperienced teachers interviewed, the
use of textbooks and technology stand out in what they revealed in the interview
in regards to lesson preparation. However, three of them were different in that
they mentioned teaching strategies such as investigation, group work, quizzes
and learning theories. Only one of the respondents did not use technology in his
practicum, because he claimed that as a mature-age student he did not have
the experience in technology use. This shows that there is variety of choices
made in lesson preparation, selecting teaching materials, and teaching
strategies with regards to the use of technology and learning theories.
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Figure 7.4

Summary and analysis of inexperienced teachers’ lesson
preparation

The next section presents the use of teaching materials.
7.3.3.2

Teaching materials

As noted in the discussion in lesson preparation (7.3.3.1), the use of teaching
materials is raised by all eight inexperienced teachers. Standard materials such
as textbooks, syllabus and worksheets were used as aids in preparing and
implementing mathematics lessons. According to the data gathered from the
interviews the materials used by the respondents can be grouped into two
categories. They are use and non use of technology. The materials that were
used without technology included: syllabi outline (example, see Table 7.4),
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textbooks, overhead projector, blackboard, white board and worksheets (refer to
Table 7.5).
An example of the use of worksheets is when Mathew was asked materials he
used in teaching, and responded “I use worksheets and the Internet, like MathsOnline.” Worksheets can be accessed from online sites but the most common
way how teachers used worksheets are from textbooks, such as the example in
Table 7.6.
Table 7.6

Sample worksheet

Example of a worksheet used in Years 7 & 8 Mathematics.Topic: Basic
arithmetic and the calculator [Reference, Kaira, A. S. (2004).
Year 8 Mathematics Revision and Exam Workbook 2-Extension. Sydney,
Australia: Pascal Press]
Approximation and Rounding Off (p. 3)
Question 1: Round off the following numbers to the nearest hundred.
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.

56____________________________________________
8342__________________________________________
961___________________________________________
637___________________________________________
83____________________________________________
93____________________________________________
935___________________________________________
251___________________________________________
831___________________________________________
6439__________________________________________

Question 2: Write the following decimals correct to two decimal places.
a.
b.
c.
d.
e.
f.
g.
h.

7.3.3.2.1

8.31___________________________________________
0.931__________________________________________
72.364_________________________________________
96.612_________________________________________
0.2156_________________________________________
65.123_________________________________________
53.8135________________________________________
36.213_________________________________________
Respondents comments

Comments regarding the use of technology in teaching mathematics are
presented as follows:
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I use technology in all the topics that I teach in maths. There is always
one component that you can use technology. If I don’t use technology
there is normally demonstration, investigation like doing practical
exercises like probability…Robyn
How do you use the Internet? Ashley responded:
There’s a website called Pictures TV Australia, that’s Teachers
TV.com.au. It has videos on it which teachers and professors at the
university and so on which you can select subjects so I chose maths and
look through what I can see on data and watch some videos. I also went
into the UK variation. I just Googled it to get there.
How do you use the Smart Board? Sarah’s response was:
Usually when I was doing my practicum I was creating slides on the
software in the computer and I was copying into the Smart Board
program when I go to the classroom just five minutes before the bell. But
basically what was on the slide is the heading and space for me to write
some introductory notes. The topics are already out there, like fractions
and there is already a box where to write the answers but in saying that I
could have run my lessons without using the Smart Board. It would just
mean that I could be writing on a white board anyway.
Amelia’s comments on the use of Google SketchUp are as follows:
Through the Google SketchUp, the first thing is I give students
worksheets, getting them in class and it was to review like the area or the
perimeter and how to calculate the area of the perimeter or volume of
simple shapes on a page so that they can get that idea and remember it
first. Then the next thing that I did is that we all had the laptops out and
we all get into Google SketchUp, and they drew the shapes of a square
and then they calculated the perimeter of the square, and then they
made into cube, then they calculated the area first and the perimeter and
they made it into a cube and then they calculated the volume and the
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capacity. You can actually colour it like blue so it is like full of water. So
we then use conversions as well like 1 cm cube = 1000 cubic metre [sic].
Despite the enthusiasm of most respondents in the use of technology, it was not
expected that all teachers or inexperienced teachers would like to use
technology in their teaching. One has a reason for this dislike. She drew
attention to the issue that most students have difficulty developing ‘basic skills’
in mathematics such as remembering how to add fractions. When asked what
materials (say hands-on work or the use of technology) she used when
teaching. She responded,
I don’t use too much technology. I started only to use digital white board
when students started studying Higher School Certificate (HSC) and
have sheets handy and I project the same sheet up so we can go
together and I can do the way they like to do on the board. That’s the
main use of technology that I’ll use. I don’t use a lot of technology. I don’t
like the use of laptops in maths. But in some things (topics) it is alright.
Like when the students are graphing parabolas on the computer because
they are not learning themselves. They are already having trouble
picking up skills. They don’t even know how to calculate in the computer.
You have to work it out for them. I tell them to use the grid paper so that
they can reproduce it during their examination. I think it’s alright to use
computers when you are teaching them solid shapes. They can actually
view the shape in all dimensions. I think technology is good but not for all
topics in maths…Claire
Table 7.7 shows technology resources used by the respondents.
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Table 7.7

Technology resources used by the inexperienced teachers

Technology resources
used by the
respondents (N = 7)

Explanation according to the respondents

How the technology was used by the respondents?

Google SketchUp
http://sketchup.google.co
m

‘I use Google SketchUp What you do is you can
go on Google SketchUp and download the
program and you actually own the program and
what you do is make solids.’…Amelia

‘To draw plane shapes and can be extended to draw, can calculate the volume, the
perimeter and the surface area and the solid can be rotated.’…Amelia

Example of a shape (solid) constructed using SketchUp
WebQuest
http://www.webquest.com
http://webquest.org

Fractions Online
http://www.jamit.com.au

A WebQuest is an inquiry-oriented lesson format
in which most or all the information that learners
work with comes from the web.

‘We have a few games on fractions online,
fraction bears, fraction game, there are so many
lessons on online fractions that you can convert
into percentages.’…Amelia

Example of a game in fractions online, adding fractions.
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Mathletics
http://www.matheletics.co
m.au.

‘Mathletics is mathematics online. It is just a webbased program that they can practice basic skills
in mathematics.’…Robyn

Geogebra
http://www.geogebra.org.
cms

‘I have a website for Geo Algebra and it has
dynamic worksheets. I don’t have a textbook, so
what I’ll do is to provide worksheets’...Claire

Spreadsheets

‘We used spreadsheets in order to do
experimental probability, so we got the
spreadsheets to calculate. We put the tail in there
and we did an experiment so if we did 100 times
and it did random numbers for us, the heads
came 50 times and the tails came out 50 times the
heads came up 20 and we change the numbers of
what we did and the rest spreadsheets and they
had all their computers doing it.’…Amelia

Smart Board

“We used SmartBoard to sketch frequency
histograms and frequency polygons and being
able to see the kids come up to the SmartBoard to
draw it on there and actually see it full screen, full
page.”…Amelia

Heads

Tails

Outcome
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7.3.3.2.2

Summary

None of the eight inexperienced teachers interviewed mentioned the use of
manipulatives such as wooden blocks, marbles, paper cut-outs to make shapes
and counters. However, the majority of them (n = 7) used technology in their
practical teaching. The technology tools that were mentioned by the
respondents in the topics they were asked to discuss are: laptops, the Internet,
Picture TV Australia, Teachers TV.com.au, Pictures TV UK, Smart Board,
UTube Videos, TALE (Teaching and Learning website of the New South Wales
Department of Education and Training (NSWDET), Google SketchUp, Fractions
Online, WebQuest site, Geogebra software, spreadsheets, PowerPoint
presentation and ‘Maths-Online’ website.
7.3.3.3

Teaching strategies

How to put lesson plans and teaching materials into practice is important. To
assist student to learn teaching needs different techniques or strategies. The
aim of this section is to present the data gathered from the interviews with
regards to the use of strategies and their links to learning theories. Strategies
include the use of technology, group work, use of ‘repetition or remembering’
facts, individual work, peer tutoring, research and practical work. The use of
learning theories in these teaching strategies, are implicit rather than explicitly
expressed. There are occasions that the responses of the inexperienced
teachers overlap with the use of learning theories, for example when one
student-teacher expressed her way of guiding students learn is by stating that
‘to get them the concept that they have not learned and a lot of time in maths
when you are teaching these concepts is just learned by repetition.’ Repetition
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is one of the learning theories advocated by the behaviourists to remember
facts or objects.
7.3.3.3.1

Respondents comments

Comments regarding strategies in teaching mathematics are as follows.
Two students interviewed used the teaching strategies drill and practice, group
work and practical work. Amelia describes her lesson in Year 9 geometry using
practical work. The lesson involved a game, a quiz show which involved the use
of ‘buzzer and bell’:
the first thing I did and they got into teams of 3 and they had a little
buzzer and the bell. We had different bells and one had a colour bell, so
there are three different types of bell we had.
Suzane also expressed her way of guiding the students learn is by stating that
“…to get them the concept that they have not learned and a lot of time in maths
when you are teaching these concepts it is just learned ‘drill and practice ‘ or by
repetition.” Repetition is one of the learning theories advocated by the
behavioursists to remember facts or objects.
In another interview, one student-teacher expressed her strategy to get ideas
across to students by using ‘teacher-talk’ as she could explain the topics well.
Ashley added that ‘using technology like the Internet is also one of my teaching
strategies.
A similar method to ‘teacher-talk’ or giving instructions when teaching students
was expressed by John. The following passage is an excerpt from the
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comment when asked about what strategies were used in teaching
mathematics.
Question: What teaching strategies do you do when you are in the
classroom?
Answer: Instructional, giving them examples, showing the working that
needs to be done, helping them understand in the procedures we go
through…John
Three students interviewed use technology as parts of their teaching strategies.
Claire described her use of teaching strategies as:
Usually when I was doing my practicum I was creating slides on the
software in the computer and I was copying into the Smart Board
program when I go to the classroom just five minutes before the bell but
basically what was on the slide is the heading has space for me to write
some introductory notes. The topics are already out there, like fractions
and there is already a box where to write the answers. But in saying that
I could have run my lessons without using the Smart Board. It would just
mean that I could be writing on a white board anyway.
An excerpt from the interview questions posed to Sarah showed how she used
the Internet as a teaching strategy as:
Question: How do you use the Internet?
Answer: There’s a website called Pictures TV Australia, that’s Teachers
TV.com.au.
Question: What did you obtain from the website?
Answer: It has videos on it which teachers and professors at the
university and so on which you can select subjects so I chose maths and
look through what I can see on data and watch some videos. I also went
into the UK variation. I can not remember the web address. I just googled
it to get there.
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Another of the respondents Robyn, mixed strategies in teaching.
Question: What software did you use in graphing parabolas?
Answer: That was just board work. I got them to plot or to graph with a
pen and pencil and y equal x squared and y equals negative x squared.
So I got them to plot that using a table of values because they need that
skill. They need to know how to graph using the table of values so I did
that as a preparation. In the second lesson they got their laptops out and
I just made an activity worksheet where they were going to graph

y

equals x squared (y=x2), y equals 2x squared (y=2x2), y equals 3x
squared (y=3x2). They were using Geogebra. When they put in the
values, they can actually see the graph instead of having to plot all the
points again which is really time-consuming. They can quickly see the
relationship between the coefficient and what actually did to the parabola
so it narrows. It was more efficient because they were able to do it
quickly and if they have to go and do a table of values of all the
parabolas they given in class, it would take them a long time.
Robyn started with the use of pen-and-paper to develop the basic skills, then
moved on to the use of technology. Robyn continued saying,
they need both skills. They need to be able to graph. It was a good
lesson actually. The students were really into it because it was a mixture
of both, and it was a double period.
The student-teacher used a combination of teaching strategies firstly teaching
the concepts and then reinforcing the concepts by using technology.
In another interview, Mathew was asked about the teaching strategies he
applied in the classroom? His answer was:
I teach mathematics without using practical lessons. Practical work can
not be used in class because of the problem of controlling students’
behaviour. Students become playful and can get away from working.
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Mathew was concerned about using practical work in the classroom as
behavioural problems can arise from challenging students.
7.3.3.3.2

Summary

Peer tutoring, research and practical work were not mentioned as teaching
strategies by the respondents. Maybe the reason for this is that they are
inexperienced teachers, and they do not have varied experiences in teaching
different kinds of students with individual learning styles and intelligences.
The inexperienced teachers made choices of the strategies in teaching
mathematics linked to learning theories. They are:
1.

A choice to use behaviourist theory of learning (using repetition in
mathematics teaching).
‘...lot of time in maths when you are teaching these concepts it is just
learned ‘drill and practice’ or by repetition’

2.

A choice to use constructivist theory of learning using practical work, group
work
‘...they got into teams of 3 and they had a little buzzer and the bell...’

3.

The choice to use technology in teaching most topics in mathematics.
‘Usually when I was doing my practicum I was creating slides on the
software in the computer and I was copying into the Smart Board
program when I go to the classroom ...’
‘…website called Pictures TV Australia, that’s Teachers TV.com.au. It
has videos on it which teachers and professors at the university and so
on which you can select subjects so I chose maths and look through
what I can see on data and watch some videos...’
‘...I just made an activity worksheet where they were going to graph

y

equals x squared (y=x2), y equals 2x squared (y=2x2), y equals 3x
squared (y=3x2). They were using Geogebra...’
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4.

A combination of both ‘chalk-and-talk’ and technology.
‘...use of ‘chalk and talk’ ....Using technology like the Internet is also one
of my teaching strategies…’

7.3.3.4

Learning theories studied in the teacher-training degree

According to the course outline the student-teachers who were enrolled in the
BMEd degree are exposed to several types of theories used in teaching and
learning (refer to Chapter 6, section 6.2.3 and Table 6.5).
However, the comments of the student-teachers and inexperienced teachers’
interviewed were varied. Two out of eight interviewed studied constructivist,
behaviourist and information processing theories. Three students learned
Vygotsky’s ‘zone of proximal development’, Piaget and constructivism. One
student talked about learning in general theories, like visual learning and
repetition. Two did not indicate the learning theories they studied in their
teacher training
The two student-teachers explicitly mentioned that they learned constructivist,
behaviourist and information processing theories in the teacher training. The
questions asked and responses to the questions are:
Student 1
There was no mention of learning technology in teacher training by Student 1.
She asserted that ‘the closest thing we have to learn is an example of a game
how to count one to ten’.
Question: In your teacher training, were you taught educational theory
that was applicable to mathematics teaching?
Answer: Some yes, particularly in the mathematics methods subjects.
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Question: What sort of theories did you remember?
Answer:

Constructivist,

behaviourist

and

information

processing.

Information processing would be the main ones.
Question: Can I stop you? Can you explain to me “constructivist theory”,
what is this all about?
Answer: We were taught like a scientist exploring job. The teacher’s job
is to guide them.
Student 2
In another interview, the student-teacher claimed that in terms of learning
theories, she learned constructivist, behaviourist and information processing
theories of learning. But her choice is using Bruner’s theory of information
processing on teaching and using with technology, and incorporating
constructivist or guided discovery approach, behaviourist approach and
information processing (Bruner’s three stages of learning maths: inactive stage,
iconic stage and abstract ideas) in her mathematics teaching.
Student 3
When three student-teachers were asked if they learned educational/learning
theory in their teacher-training, they each related their work to a different
theorists, Vigotsky, Piaget and more generally constructivist theory. The
questions and answers in the conversation are as follows:
Question: In your teacher training did you learn any educational theory
applicable to teaching mathematics?
Answer: I am not so much of technology. I am more interested in
Vygotsky’s ‘zone of proximal development’. I really like that because
that’s how I teach, and that’s how I see my students.
Question: What about Piaget? Do like Piaget?
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Answer: I like Piaget.
Question: Who else can you remember?
Answer: We learned about Pavlov’s dog.
Question: What about the constructivist theory of learning?
Answer: Yes. Constructivist and objectivist.
Question: In your own opinion what is constructivist theory of learning?
Answer: In the classroom, the teacher provide lessons so that students
can go away using laptops and research about it and construct their own
learning.
Student 4
Student number 4 mentioned in the interview that few learning theories were
learnt in class, like Vygotsky, Piaget and different learning styles applicable to
mathematics teaching. Constructivist learning theory was not studied in the
teacher-training although the description provided suggests constructivist ideas
were discussed. The questions and answers are:
Question: In your teacher training, did you learn ‘learning theories’?
Answer: We did a little bit but not a lot. We did not learn constructivism.
Question: What do you recall?
Answer: In one of our methods subjects, our teacher talked about
construction of ideas in mathematics. We obviously studied the theories
of Vygotsky and Piaget, learning styles but to be honest you don’t think
about that when you are in the classroom
Student 5
Student 5 was a mature aged student. An email was sent to him as a follow-up
question on learning theories studied in the teacher-training. According to the
student, he learned a mixture of learning theories, Vygotsky’s ‘zone of proximal
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development’, behaviourists theories and Gardner’s ‘multiple intelligences
theories’. Student number 5 learned a variety of learning theories.
Student 6
The learning theories the student-teacher learned in teacher training were all
general applications. The questions asked and responses to the questions are:
Question: In your teacher training did you learn learning theories
applicable to mathematics teaching?
Answer: I don’t think we have drawn so much in that line in mathematics
teaching. We talked about learning theories in general how that applies
to teaching.
Question: So what types of learning theories did you recall?
Answer: Theories on understanding how students learn, or even how
you would set up a classroom, small classroom management. Theories
as opposed to actual teaching?
Question: Can you recall the theory?
Answer: We look at different ways that people store memory or how
people learn and how people actually do something like learning visually
or repetition.
From the responses of student 6, it was noted that the learning theories learned
in class applied to teaching in general and not specific to mathematics teaching.
For example, the students learnt how students learn (the use of memory and
repetition) and different learning styles (like visual learning).
Practicing teacher (7)
A follow-up email was sent to the practicing teacher to find out what theories
she studied in her teacher-training. She said that she learnt about all theories
but she cannot recall them.
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The five student-teachers and two practicing teachers who participated in the
interview revealed that they studied ‘learning theories’ as suggested by the
exploration of the subjects offered in the BMEd degree in the University of
Wollongong (refer to Chapter 6 for more discussion). The next section will look
at whether what the student-teachers learned in their teacher training could be
put into practice in their practicum.
7.3.3.5 Choices: with or without technology linked to learning theories (applied
in practicum)

The choices in the use and non use of technology of the five inexperienced
teachers and three practicing teachers interviewed were categorised as: (See
Figure 7.5)

Figure 7.5

Diagram of choices made of the inexperienced teachers in the use
and non use of technology linked to learning theories

The student-teachers (practicing teachers) at times linked their practice
teaching to ‘learning theories’ and other times did not. A presentation and
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analysis of the data gathered regarding the use and non use of technology in
teaching and learning theories from the respondents are provided.
Follow-up questions were emailed to two practicing teachers and one studentteacher (mature aged) who did not adequately comment on the links between
technology and teaching. The questions and answers for the teachers follow.
(1) Practicing teacher
This teacher was somewhat a ‘theoretical’ in terms of knowledge but in her
practices technology is used in her teaching only when appropriate, for example
Mathletics and Maths Online are used as tools for teaching for visualisation of
objects such as geometrical solid shapes.
1.

When do you use and not use technology in teaching mathematics?
In a face-to-face classroom I find it difficult to use technology, largely due
to the attention span of students. While they all have laptops now which
they use to view their textbook, on a daily basis it is difficult to use them
when doing class work. This can vary depending upon the topic you are
doing. In areas where students need to visualize objects some programs
are beneficial as it let them view solid objects from different perspectives.
But the majority of topics need to learned and done by hand, and while
using a computer may make if funnier to do an activity such as sketching
a parabola, it’s not going to be any use for them in the exam. Some
mathematics programs such as Mathletics and Maths Online are useful
revision tools and can be used to assign homework.

2.

What learning theories do you use in the choices (refer to answers in
question 1) you made in teaching mathematics with or without technology?
I know it is terrible to say, but I don’t know which theory I base this on, or
which it links into. It’s been so long since I learnt about all the theories
that I’ve all but forgotten them.

(2) Student- teacher (mature age student)
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This teacher saw her technology use as related to Vygotsky, behaviourists and
Gardner’s multiple intelligences theories in teaching.
1.

When do you use and not use technology in teaching mathematics?
I would like to use technology more often in class. I have used computers
for graphing purposes, various topics and year groups. I have also used
online mathematics games at school during my practical lessons.
Other limited technologies like overheads I have used but I am yet to use
a Smart Board which I think would be a great tool. At the first school I
went to for practical work there was one teacher who had most of his
lessons on file and could present them to the class via Smart Board. It
was impressive.

2.

What learning theories do you use in the choices (refer to answers in
question 1) you made in teaching mathematics with or without
technology?
I would use a mix of Vygotsky and the behaviourists theories in using
technologies. With the technological abilities of high school students it is
important to present material that they are interested in. There is also
room for Garner’s multiple intelligences theory as different children have
different styles and access to technology so what maybe invigorating to
some maybe challenging to others and vice-versa.

(3) Student- teacher
One of the students strongly made a comment when she was asked to talked
about ‘information processing theory’ she said;
This is probably where I draw my main idea from “information
processing”. I love the idea of structuring the information logically so that
students can see the connection between ideas particularly with
mathematics. About 50 year ago, I think it was Bruner who came up with
idea that there are three stages to learning maths. You start with ‘inactive
stage’ where you actually play with things, then you move on to the
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‘iconic stage’ of pictures and diagrams, and you look at the abstract
ideas.
(4) Student- teacher
When this student-teacher did the practicum in one of the schools, there were
no available technology tools to use in teaching mathematics. Instead, she
implicitly used constructivist theory through creating practical mathematical
activities in a measurement topic. The comments are:
One school where I went to did not even have the technology so I can
use practical measurement activities. They did not have like ‘trundle
wheels’ and computers.
(5) Practicing- teacher
This practicing teacher did not like the idea of using laptops in teaching
mathematics. She wanted the students to learn basic skills through hands-on
activity rather than using computers.
I don’t like the use of laptops in maths. I know they are pushing it. I
probably should not be saying it. But in something is alright. Like when
the students are graphing parabolas ion the computer because they are
not learning themselves. They are already having trouble picking up
skills. They don’t even know how to calculate in the computer.
(6) Student-teacher
This student teacher would use Smart Board program to teach fractions using
slides, however it appeared to be motivated by the need for a presentation tool.
Question: How do you use the Smart Board or what do you do with it?
Answer: Usually when I was doing my practicum I was creating slides on
the software in the computer and I was copying into the Smart Board
program when I go to the classroom just five minutes before the bell but
basically what was on the slide is the heading has space for me to write
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some introductory notes . The topics are already out there, like fractions
and there is already a box where to write the answers but in saying that I
could have run my lessons without using the Smart Board. It would just
mean that I could be writing on a white board anyway.
(7) Practicing-teacher
This practicing teacher used technology (such as Smart Boards and lessons
from Fractions Online) to teach her lessons. Constructivist theory was implicitly
used by the practicing teacher. The comments were detailed.
Smart Boards will be brilliant for technology. I used it in one of my other
schools that I did a practicum at and we did it with data analysis. So what
we did we use Smart Board to sketch frequency histograms and
frequency polygons and being able to see the kids come up to the Smart
Board to draw it on there and actually see it full screen , full page. It’s
brilliant. Also on the Smart Board we can see the days so we can do
probability and we can do multiple probability and we can have days 2, 3,
and we can do more than one and with the probability you can extend it
from Year 7 all the way to Year 12 of doing multiple days and we can
calculate the probabilities.
We have a few games on fractions online, fraction bears, fraction game,
there are so many lessons on online fractions that you can convert into
percentages. You just learn about fractions like you have a circle, you
take a piece of a circle out then it tells you what fraction of the circle what
you get. It tell you how to count the pieces of circle what have you
identifies and it also tell you how to learn to add fractions so you choose
circle and then one piece is taken out of that, we add and tell you what
we get. Then they can also remind you how to subtract and multiply,
divide fractions. One of the harder things on there is on the problem of
older students on adding fractions with different denominators, but the
fractions on line will teach you how to do it as well. There is also what we
call Fraction Monkeys, that is really good.
(8) Student- teacher
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This student-teacher used technology such as Geogebra software to teach her
lessons. Her use of technology was not clearly linked to any theory. The
comments are:
I have a Year 9 class that I use two strategies (concepts) that I used
‘chalk and talk’ and the other one I get them to ‘investigate and use the
web’ and using Geogebra which is a maths program that they have in
their laptops and they were so engaged when they are in their laptops.
7.3.3.5.1

Summary

The inexperienced teachers talked about the learning theories they learned in
their teacher training courses. They made choices when to use and not use
technology in their teaching and sometimes they linked this to learning theories.
These theories correspond to the five subjects offered by a teacher-preparation
course offered by the Faculty of Education at Wollongong University. The
theories the practicing teachers studied in their teacher training course
‘constructivist theory’, ‘behaviourists theory’ and ‘information processing theory’
were applied by them in the actual or practical teaching. In regards to the
choices they make in applying learning theories to teaching the student
teachers and practicing teachers applied the following theories to either use or
non use of technology. They are,
1.

Information processing (Bruner’s three stages of learning maths: inactive
stage, iconic stage and abstract ideas;

2.

Behaviourist theory of learning (repetition, drill and practice, group work
and practical work);

3.

Vygotsky’s ‘zone of proximal development’ (social learning, students
interact with others who are knowledgeable of mathematical facts and
concepts);

4.

Constructivist learning theory (investigation by using the Internet sites
such as Mathletics, demonstration and practical exercises);
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5.

Piaget’s cognitive learning theory (processes of intellectual ability of
children to accommodate and assimilate learning of mathematics); and

6.

Gardner’s multiple intelligences theories (logical thinking to solve
mathematical problems).

In summary, technology use was seen to be driven by constructivist learning
theory through the investigation of the Internet sites such as Mathletics,
demonstration and practical exercises (n=2), Gardner’s multiple intelligences
theory (n=1) and, Vygotsky’s ‘zone of proximal development’ and behaviourists
learning theory (n=1), for users of technology. The non-users of technology
incorporated learning theories in their teaching as: constructivist learning theory
(n=2); Vygotsky’s ‘zone of proximal development’ (n=1); and Bruner’s
‘information processing theory’ (n =1).

Section B (Experienced Teachers)
In Section B (refer Figure 7.6) the focus is on identifying experienced teachers’
choices in relation to teaching mathematics. In particular, how they teach and
the use of learning theories in choices they made about teaching and using
technology. Choosing pre-service teachers, practicing teachers from an
independent school and retired teacher from the NSW DET was an option to
broaden the input on teachers’ experiences using technology in mathematics
teaching. It was not possible to go back and interview participants of the initial
study because the respondents were anonymous. Proximity of travel was a
problem for the researcher hence a selection of local accessible was made.
Further, protocols to get permission from the NSW DET and school principals
would have taken a long time to be approved.
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Figure 7.6

Diagram of experienced teachers

A separate analysis of the interviews with experienced teachers was
undertaken. They are practicing teachers and who had been guided by the
mandate of the mathematics curriculum in regards to teaching strategies,
teaching materials, use of technology as appropriate to topics in mathematics.
They were also supposedly influenced by learning theories embedded in the
mathematics syllabus. The types of questions asked of the experienced
teachers were slightly different from questions used with the inexperienced
teachers.
A group of mathematics teachers (n = 4) and Mathematics Coordinator (n =1)
an independent secondary school in Wollongong consented to be interviewed
by researcher. The interviews took place after seeking permission for teachers
to participate in the research from the Mathematics Coordinator and Principal of
the college. The interview questions including follow-up questions emailed to
respondents are shown in Table 7.8. In addition one retired teacher (n = 1) was
also included, a former mathematics teacher who was a part-time tutor and
lecturer in mathematics courses at the University of Wollongong during the
conduct of the study.
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Table 7.8

Interview Questions

Interview Questions (Experienced Mathematics Teachers)
Good morning/afternoon. My name is Rebecca Hudson. Thank you for agreeing to meet with
me. I am completing a study on the choices teachers make in their teaching and in particular
the planning of that teaching.
1. Do you mind if I record or tape our interview? I won’t be identifying you.
2. I am wondering if you could let me know what years or levels of Mathematics you
have taught.
3. I would like to listen to you to talk about how you plan your lessons in the past. You
can say anything, for example:
a. How you plan your teaching?
b. What teaching strategies do you use?
c. What materials do you use?
d. What is your personal view or theory about teaching or do you recall any theory
in teaching that applies to mathematics?
4. What can you say about teaching mathematics with technology?
5. Is there anything else you want to say regarding this interview?
Thank you very much for participating in this interview.
Follow-up Questions through email.
1. When do you use and not use technology in teaching mathematics?
2. What learning theories do you use in the choices (refer to answers in question 1) you
made in teaching mathematics with or without technology?
The information below is a guide in selecting the theories you think you used in teaching
mathematics. Maybe you can think of others.
Learning Theories used in Education
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.

Piaget’s cognitive theory of early development of the child
Vygotzky’s social learning theory
Sternberg’s triarchic model of intelligence theory
Garner’s multiple intelligences theory
Behaviourist theory of learning,
The S-R (stimulus-response) theory; motivation theory; reward and punishment for
classroom management and learning difficulties in mathematics
Cognitive learning theory focuses on internal mental processes and their role in
learning
Information processing theories refer to intelligent behaviour as a series of
computations or processes such as problem solving (Newell & Simon, 1972)
A constructivist view of learning means learning by doing and thinking, thus activities
or lessons in the classroom provoke students’ ability to use their thinking and
practical skills to learn lessons presented to them.
Blooms Taxonomy

The six teachers interviewed talked about their teaching experiences, and
covered topics such as:
1.

The year levels that were taught in mathematics (Years 7, 8, 9, 10, 11 and
12 mathematics, including mathematics extension 1 and 2); topics taught
(for example, number, algebra, geometry, probability and trigonometry) or
were currently teaching.

2.

The development of lesson plans or lesson preparation.
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3.

The materials or resources used in teaching different topics.

4.

Topics where technology was used and where alternative strategies were
implemented.

5.

Types or examples of the technology resources used in teaching.

6.

Teaching strategies used and their basis in educational theories.

7.

Choices they make in teaching mathematics.

7.3.4 The interview: experienced teachers
The interview was face-to-face. The researcher asked permission from the
interviewees stating the purpose of the study and its confidentiality. The
interviews were arranged to suit the availability of the teachers. This was done
in one day, beginning in the morning and ending in the afternoon, but with
intervals according to the time allocated by the teachers. The interviews with the
teachers’ consent were recorded with a digital voice recorder. During the
interviews the teachers were made comfortable and informed they were free to
answer or not answer any of the questions. The interview technique was a
‘semi-structured interview’. The reason for this was to direct the teachers to talk
about their teaching experiences and how they teach. They were asked to
pause when the researcher could detect important issues or the need for further
clarification in the interview. For example, when one of the interviewee talked
about the use of ‘HotMaths’ in teaching she was asked to explain HotMaths and
how she uses it mathematics teaching.
The types of questions asked were similar at the beginning of the interviews.
However, after two questions (refer to Table 7.8), the succeeding ones varied
because it depended on what they said. There were commonalities in all
teachers’ use on the type of technology in the classroom such as the use of the
Internet, HotMaths website, Geogebra software, Smart Board and laptops.
However, the experiences of the teachers were not all the same. For example,
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with one teacher expressing her frustrations in using the laptops and the
Internet because of networking problems (slow flow of information) when the
students start to use the electronic books.
Before proceeding with the interview the researcher introduced herself, sought
permission to record, and the respondents were provided with instructions.
Do you mind if I record or tape our interview? I won’t be identifying you or your school but it
helps me.
I would like to listen to you to talk about how you plan your lessons, and I will not interrupt
you. You can say anything, for example planning to teach or if you have personal view or
theory about what you do; what sorts of materials you use, when and how you use
technology; what teaching strategies you do.

The use of ‘probes’ were also utilised in the interview because the researcher
wanted to clarify answers from the interviewees. For example when a question
was asked of a teacher, such as:

Question. How do you get the students to be engaged in learning?
Answer: I use more technology as a method of instruction. I see technology as a graphical
tool of delivery. I can do it on the board but it is done so much better on the HotMaths
website.
The researcher asked the teacher if he can be interrupted at this point. The researcher asked
a follow-up question.
Why do you think it is better to use HotMaths?

In the follow-up questions of the interview, prompting was also undertaken to
remind the teachers of learning theories they may have encountered. For
example when the teachers can not recall the ‘learning theories and theorists’,
they was guided to recall them, see questions below
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Researcher: The information below is a guide in selecting the theories you think you used in
teaching mathematics. Maybe you can think of others.
Learning Theories used in Education
1. Piaget’s cognitive theory of early development of the child
2. Vygotsky’s social learning theory
3. Sternberg’s triarchic model of intelligence theory
4. Gardner’s multiple intelligences theory
5. Behaviourist theory of learning,

The analysis of the answers from the interview questions are presented
according to these examined lesson preparation, teaching materials and
teaching strategies (refer to Figures 7.1 and 7.2). The interviews were to
examine teachers’ choices in relation to teaching mathematics in particular how
they teach the use of learning theory in choices they make about teaching and
using technology. There should be a connection between the choices made
about

teaching

and

using

technology

given

the

Mathematics

Curriculum/Syllabus of New South Wales Department of Education and Training
(see Chapter 2 for more information). Embedded in the curriculum is a
mandated set of teaching and learning strategies that implicitly cover different
‘learning theories’ and the use of technology. The mandatory strategies,
materials used, outcomes and learning theories of the NSW Mathematics
Curriculum/Syllabus are presented in Table 7.9. However, teachers still have
choices as to what to incorporate in their teaching.
A summary of teachers’ experiences, subjects taught, topics where technology
were used, types of technology used in teaching mathematics, teaching
materials, educational theory and teaching strategies used, and choices made
in relation to learning theory is presented in Table 7.10.
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Table 7.9

Teaching and learning strategies embedded in the NSW
Mathematics Curriculum
TEACHING/LEARNING STRATEGIES

Mathematics is a powerful, precise and concise means of communication used to represent, to interpret,
to explain and to predict. It is a creative activity- therefore it may involve invention, intuition and discovery.
In implementing the program which follows, lessons should be characterised by the following Teaching/
Learning Strategies.
Verbalisation:

Students learn best if they are given the opportunity to express new concepts in
their own words. This should occur as often as possible.

Use of concrete
materials:

At every opportunity students should measure, manipulate, estimate, make,
compare and generally do things which will reinforce learning. This should occur at
all levels, not just with slow learners.
What proportion of our lesson do students spend:
Being active (writing, measuring, discussing, doing..)?

Activity:

Being passive (listening, watching…)?
Unspecified (no clear instructions as to what they should be doing)?

Little use of
repetition:

In most cases, repetition as a teaching technique is ineffective - it is time –
expensive and boring. Better results can be achieved through regular quiz work and
problem solving activity.

The textbook:

Should be an aid, not a crutch. Wherever possible, home work assignments should
be of a “real world” nature – not just set from the text. Try and explain concepts in
your own way, not just the way it is done in the book.

Motivation:

It is essential that we motivate students in all our classes towards the pursuit of
excellence. This may be achieved through the setting of realistic goals by both
teacher and students. In particular we must encourage our students to set their own
goals, and regularly evaluate their progress towards them. As teachers we need to
do the same.

Problem-Solving:

Should be evident in the treatment of all topics and throughout the presentation of all
lessons. It is central to the effective implementation of the program.

Source: NSW Mathematics Syllabus, Board of Studies 2000, Year 9 Syllabus, p. 8.
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Table 7.10

Mathematics teachers/head teacher, independent secondary school in Wollongong (N=5); retired mathematics teacher (N = 1)
Teacher 1

Teacher 2

Teacher 3

Teacher 4

Teacher 5

Retired teacher

Years of teaching
experience/practic
al experience

3 years
mathematics
teacher

First year teaching
mathematics in
secondary schools

More than 20
years of teaching
mathematics and
computing
(Information
Technology
subjects)

Teaching
experience in
Kindergarten,
Primary, TAFE and
secondary schools
for more than 20
years.

More than 20 years
teaching experience in
Catholic Secondary
Schools

Teaching experience in
primary, secondary, TAFE,
overseas teaching
mathematics and university
mathematics

Subjects taught

Years 7, 8, 9 and
10 mathematics

Years 7, 8, 9, 10,
11, and 12,
including Maths
Extension 1 & 2:
and gifted and
talented students

Years 7, 8, 9 and
10 mathematics.

Taught all levels of
mathematics from
Kindergarten to
TAFE

All levels of secondary
mathematics from Years
7, 8, 8, 9 & 10,
including Year 11- and
12 Mathematics
Extension 1 & 2

All levels of mathematics,
including Maths Extension
2 (4 Unit), primary, TAFE
and university
mathematics.

Teacher training
degree/previous
experiences in the
workforce

IT (Information
Technology
Person)

Worked in the
industry for 15
years, training
people in terms of
information flow
with an
‘International
Company’

Worked in the
industry as a
computer
programmer.
Earned Masters
Degree in
Information
Technology

Topics where
technology was
used

Trigonometry
Coordinate
geometry

Trigonometry
Probability
(Permutations and
Combinations)
Trigonometric
Ratios Pascal
Triangle
Combination and

Probability and
Statistics

Coordinate geometry
and number plane

Statistics
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Permutation,
Number
(multiplication
table), averages
and mean, word
problems and
nearly all topics in
mathematics.
Type of
technology used
in teaching

Laptops,
HotMaths
website, white
board, Geogebra
software

The Internet,
HotMaths website
and Geogebra
software and
UTube video clips

Laptops,
Geogebra
software,
spreadsheets

Teaching
materials

Laptops,
HotMaths
website, white
board, syllabus
outline, textbooks,
worksheets from
HotMaths

Syllabus outline,
textbooks,
worksheets from
HotMaths, laptops,
PowerPoint
presentations,
UTube, dynamic
worksheets from
Geogebra and
white board

Laptops,
Geogebra
software,
textbooks and
spreadsheets

Books, whiteboard,
Smart Board,
manipulatives such
as wooden and
plastic cubes and
units, worksheets,
quizzes and
exercises from
HotMaths and
virtual
manipulatives

Practical work
(like students go
outside the
classroom to
collect data such
as counting
passengers in
cars); use of
spreadsheets

Use of ‘learning
style’ questionnaire
at the beginning of
the year, use of
worksheets to
develop ‘thinking
skills’

Educational
theory and
teaching
strategies used

Laptops, HotMaths
website, HotMaths and
Janison Online.

Statistics software, laptops,
media clips from ABC
television and the Internet

Laptops, HotMaths
website, white board,
syllabus outline,
textbooks, worksheets
from HotMaths and
Janison Online.

Clips from segments of
ABC, business reports,
graphical techniques,
newspaper, and
magazines, construction of
models in space geometry
and making solids by
drawing nets

Constructivist learning
theory and practical work
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Choices made

The teacher
believed that
teaching
mathematics is a
use of mixture of
methods
approach such as
a ‘pen-and-paper’,
white board and
technology.

The teacher does
not believe in using
calculator.
Mathematics has to
be taught through
use of mental
capacities with
techniques drill and
practice, and in
particular in the use
of technology.

She is an
advocate of using
technology
because she saw
the potential of
the enhance
learning of
students
particularly when
the students are
engaged and
having fun seeing
connection of
mathematics to
real life.

The teacher found
that use of
technology, the
Internet (HotMaths
website) is
frustrating because
it can be very slow.
She also noted that
having the
electronic textbook
is much more
frustrating than the
hardcopy because
it takes long to
open the electronic
book.

The Mathematics
Coordinator is
passionate about using
technology in the
classroom. She
mentioned that the
school access papers of
the School Certificate
Online (HSC) linked to
the NSW Board of
Studies website.

Intelligence theory,
behaviourist theory and a
combination of ‘pen-and
paper; and technology use
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7.3.5 Presentation and analysis of responses
The researcher analysed the responses by comparing and contrasting the
comments. The similarities in the respondents’ experiences in the preparation of
their mathematics lessons can be attributed to the use of mathematics syllabus,
teaching outline provided by the schools and technology resources. Follow-up
questions was sent individually to the teachers through electronic mode (emails)
to obtain additional information about the choice of learning theories linked to
the use and non use of technology in teaching mathematics (refer to Figure
7.2). However, the respondents in this case in the preparation of lessons
integrated the use of materials, technology and learning theories. So, the
presentation and discussion of the three components used in this analysis will
overlap.
The components include:
1.

Lesson preparation (Section 7.3.5.1)

2.

Teaching materials (Section 7.3.5.2)

3.

Teaching strategies (Section 7.3.5.3)

The first component to be presented and analysed are the responses to the
experienced teachers lesson preparation in teaching mathematics. The names
used are fictitious to abide with the non-disclosure of the identity of the
participants in the study.
7.3.5.1

Lesson preparation

When the inexperienced teachers were asked how they prepare their lessons,
they mentioned the use of resources, teaching materials, strategies and
learning theories. This trend is similar to the experienced teachers responses.
For example when they are posed a question at the beginning of the interview,
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I would like to listen to you to talk about how you plan your lessons in the
past, how you planned your teaching, personal view or theory about
teaching or do you recall any theory in teaching that applies to
mathematics?
One of the teachers described her way of preparing lesson through using
textbooks, technology and teaching strategies. Through her descriptions of the
use of spreadsheets to teach students to enter and calculate data from a group
and practical work lesson in data and modelling, it could be inferred that the
teacher drew on several theoretical ideas including how to evaluate students.
As expressed by the teacher, at the end of the lesson/activity, ‘the students had
fun and worked the use of computers worked very well’. The answer was
detailed and elaborate, as follows:
I start off with the ordinary work from the textbooks, especially with the
junior classes when talk about the meaning of mean, median and mode
and then I get them to work outside. When I do this, I try not to make it as
realistic as possible and try to avoid the data from the textbooks. I like
them to pick their own data. I know it takes longer, so we went outside
and we sat outside for a lesson and we counted the number of
passengers in a car so they entered that and so we came back to the
classroom and we record that on a spreadsheet and we do in a class and
the whole class. They do a tally of their data and record their own and
then record the whole class. And then we get the computer to do the
mean, the mode, and look at standards deviation as well. When they put
the data on the spreadsheets, they see the numbers in there because
they are in front of them because they can see differences between
different sets of data. So that is one of the first thing I do to actually pick
the data. And then I also get them to enter the data from their textbooks
into the spreadsheets so they may look at the standards deviation. I like
doing ‘dot plots’ so that that they can see how the ‘dot plots’ spread and
they can see how the number appears when they do it in the computer,
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and I just found out that doing it in the calculator is so tiresome. I do a
few of the ‘stem-and-leaf’ plots because it is visible. I get them to do a
few by hand as well and we calculate the mean. We often use calculating
by hand the ones that are on the textbooks and we enter them on the
spreadsheets and we have a discussion at the end of the lesson. They
have to understand what it means from the computer much better what it
is because they can do lots and lots of them and they can see them, and
then we do a few scatter diagrams and that will show up as well. I just
find that it is really fun. The kids like it and don’t think doing it in the
calculator is fun because it is just a series of numbers and they can’t do
standard deviation in the calculator unless they have a graphics
calculator but it is not intuitive where it is in the computer. It is something
that I really did and worked very well…Mrs Grant
This interview was very impressive because the teacher told a story how she
starts the lesson, following it up by strategies how to get the students involved
in the whole process of learning the topic, and ending up with a learning
outcome (enjoy and understand using technology). She also noted how the
students were motivated to learn through hands-on (practical work) by going
outside the classroom to do real life mathematics work. This was reinforced by
using technology, the use of spreadsheets to calculate the mean, median, more
and standard deviation of the data they gathered from the practical
experienced.
The use of technology in lesson preparation cannot be ignored. Another teacher
who was interviewed was asked how he teaches his lessons, and how he
prepares it. The answers are straight forward, that is…Mr. Jones
I guess you want to start with fundamental concepts like in trigonometry.
An angle is a ratio of sides of right angle triangle. Very simple
instructions to begin with. I guess with fundamental concepts, like in
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trigonometry, like in the beginning you will be able to label the sides of
the triangle.
What I found is to try different techniques every thing from the text books,
then the whiteboard, and then I tried other techniques, other
technologies, like HotMaths.
The researcher prompted the teacher and was asked to explain what HotMaths
was. The answer given was:
You go to the HotMaths website and you get a really nice widget. I find it
really useful in introducing ideas and I tell you the benefits of technology
that I see is that it is very ‘engaging’ and it is a good graphical technique
of explaining a concept instead of graphing on the board it is very well
presented in a concise way and the kids seem very engaged in that
method of teaching.
When the teacher talked about lesson preparation, teaching materials, technology
and teaching strategies they were interlocked with each other. The teacher used

laptops, technology (HotMaths website), white board, syllabus outline,
textbooks and worksheets from HotMaths as teaching materials.
Mrs Wills, the head teacher was asked how she prepares her lessons and the
strategies she used in her teaching. She straight away talked about using
technology and HotMaths. Her answer was:
Basically the greatest use of technology I think is through HotMaths at
school where the students can go to learning experiences that are
available there. It’s good because it gives them the feedback as to how
they go about the questions.
A prompt was made. The researcher asked the head teacher a second opinion
about HotMaths, and the answer was:
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HotMaths is just a software that students have in their computer and that
it give the students opportunity to view a lesson, to watch walk through
where the methods that we will not show on the blackboard step by step
and presented to the student. There is no audio with HotMaths the other
thing about it is to give you the opportunity to answer questions for each
topic that are learning. So if they are experiencing learning difficulty in
one particular topic area, they can do some questions in there to
reinforce their learning. A lot of teachers tend to use it on the topic that
has been taught or it just depends, sometimes they just vary their lesson
presentations in such a way that we are up-to-date. They can actually
look at volume of a prism.
The head teacher provided a detailed explanation of HotMaths. She specified
that the students have the chance to visualize concepts and 3-D space of
volumes of geometric figures. She implicitly expressed learning theory, and said
that ‘if students have learning difficulties, HotMaths can aid to reinforce
students’ learning through visualization and hands-on work using the computer.
The head teacher also said that most of her teachers use HotMaths to teach
mathematics.
The next teacher who was interviewed prepared her lessons by dividing units of
work. She particularly chose ‘fractions’ as the topic to discuss in terms of lesson
preparation. When she was asked how she prepares her lessons, the comment
was: ‘With fractions I like to prepare lessons with actual/physical units that can
be divided up so that students can see.’ At this point the researcher prompted
and asked her to explain ‘physical unit.” Her comments were:
I use wooden and plastic units all the time, and get them to do fractions
using them. I tried to use virtual maniputaltives in teaching fractions but
this was not successfully done. I won’t use it again…Mrs Brown
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The response from this interview is different from the previous two interviews
because the use of technology was not favoured when she said ‘I tried to use
virtual manipulative in teaching fractions but not successfully done’, instead
blocks (wooden and plastics) were used to demonstrate the meaning of
fractions.
The use of motivation to start a lesson is a good example of using the
behaviourist theory of learning to assist guide students to learn. When the
retired teacher was asked how he prepared and planned his lessons, and his
personal view about teaching applied to mathematics, he commented
I am not exposed to any theory of teaching given that I taught many
years. All I know is to make teaching relevant to everyday life, use
examples which students can be motivated by.
The researcher used a prompt to follow-up what he meant by ‘motivation’. He
said, ‘When I teach my students I motivate them by using examples from media
showing them that statistics is not distasteful. I use examples from media (TV
clips and broadcast) where data has been analysed. Although the retired
teacher mentioned that he was not exposed to ‘learning theories’, his use was
consistent with using a ‘behaviourist’ theory of learning’ by focusing on
motivating his students to learn the topics presented.
Two teachers who were interviewed provided the researcher with sample
copies of their lesson plans with permission to publish them in this thesis. See
Table 7.11 of a sample lesson plan in ‘Permutations and Combination’ taught in
Year 12 Extension 2 Mathematics. This lesson can be taught with or without the
use of technology.
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Table 7.11

Sample lesson plan (1) not using technology

Topic Summary:
Students test various hypothetical situations to gain an understanding of the difference
between a permutation and a combination.
Estimated Duration: 4 x 50 minute lessons
Comments:
Lesson 1:

Introduction to Permutations
Developing an understanding of Permutations
Factorial Notation

Lesson 1:

Permutations

Activity
Students work in pairs.
Pose the following task to the students:
Direct students to create a list, diagram or table on chart paper to show possible
outcomes and counting techniques.
Instructional Tips:
Observe partner discussions. Ask questions to check for understanding and to find out
how many ways the students found. Select students to act as the four toppings to
rearrange and others to keep track and count. Use a list during the live demonstration.
Select students to share solutions and strategies.
Examples:
1.
2.

A number from 1 to 20 is written on each of 20 cards. If 3 cards are chosen randomly,
without replacement, find the possible number of ways the cards can be chosen.
Ten different chocolates are placed on the desk. If 4 chocolates are to be chosen
randomly, without replacement (that is eaten), find the possible number of ways the
chocolates can be chosen.

Introduce the term “permutation” to students.
Key Learning Point: A permutation describes an arrangement of objects in a certain
order
See more examples p. 412-414 of Text.
Board Work Exercises: Select more exercises from p. 415-416 of Text.

The lesson presentation in Table 7.11 has several similarities with the personal
positioning of the researcher in Chapter 6. The lesson plan in Table 7.11
includes: topic summary, estimated duration which is ‘allocated time’ similar to
the personal positioning lesson plan and objectives of the researcher. It is a
typical mathematics lesson plan. How it is executed in class will have slight
variations in terms of using strategies and learning theories.
The next sample lesson plan is using technology (spreadsheets). See Table
7.12.
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Table 7.12

Sample lesson plan (2) using technology

What if? Using a spreadsheet to demonstrate algebra.
Problem – Chapter 2
Dance Fever
To raise money for a charity, a Year 10 class has decided to organise a school dance.
Tickets to the school dance will cost $6 each. Expenses have been calculated as $200 for the
hire of the venue and $250 for a DJ. The dance organisers hope to raise more than $1000 for
charity.
How many people need to attend the dance to achieve this goal?
1.
2.
1.

Write an inequality to represent this situation. Explain what your chosen pronumeral
represents.
Solve the inequality to find the number of people that must attend the dance to raise at
least $1000.
One way to come up with an answer to this problem is to solve an inequality.
Let n= the number of people attending the dance.
nX6

= 200 + 250 + 1000

6n

= 1450

n

= 241 r 4

number of people attending the dance > 241 ie 242
2.

Another way to come up with the answer is to calculate the profit for different
numbers of people attending starting with an approximate guess, in this case,
200.
Enter the following into cells A1:D9

Number of people attending = 200 or a guess less than expected. (You could start with 1)
Income = the price of the ticket times X the number of people attending the dance
Expenses = Hire of the venue + Hire of the DJ
Profit = Income – Expenses
Fill down all the formula until you reach a profit of more than $1000.
The pronumeral “n” represents a number. This spreadsheet shows you the value of the profit
for different values of n
The formula in A9 uses relative referencing and the other formulae use absolute referencing.
Relative references A relative cell reference in a formula, such as A9, is based on the
relative position of the cell that contains the formula and the cell the reference refers to.
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7.3.5.1.1

Summary and analysis

The sample lessons in Table 7.11 and Table 7.12 show a common way of
preparing and introducing mathematics lessons. All the six experienced
teachers interviewed, used technology. HotMaths, spreadsheets and the
Internet were used in lesson preparation.
Just like the analysis of the second study (with inexperienced teachers), the
analysis of the six experienced teachers suggests is that in lesson preparation,
teaching materials, teaching strategies, use of technology and the learning
theories used are varied. Different teachers have different approaches to lesson
presentation. In the personal positioning, the researcher specifically identified
that she prepares her lessons considering the capabilities and abilities of the
students she taught. Lessons were classified into three approaches, a lesson
for low ability classes, a lesson for average students and a lesson for top
classes or higher ability classes. This was followed by the use of behaviourist
theory of learning to motivate students. Similarly in one of the responses from
the teachers who were interviewed, there was a mention of ‘motivating the
students by using examples from media.’
Other strategies in the lesson presentation: sequencing of the lesson, selection
and use of materials and strategies such as remembering, drill and practice,
question and answers, group work, practical work and individual work were
spelled out by all six teachers in the interview.
The next section is about the resources used in teaching mathematics, both
materials without technology use and materials with technology use.
7.3.5.2

Teaching materials
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The standard materials such as textbooks, syllabus and worksheets were used
as aids in preparing and implementing mathematics lessons. The materials
used by the respondents are grouped into two, according to the data gathered
from the interviews. They relate to the choice to use or to not use technology.
The materials that were used without technology included: syllabi outline,
textbooks, overhead projector, blackboard, white board, statistics software, clips
from segments of ABC, business reports, graphical techniques, newspaper,
magazines and worksheets. The use of technology included: Mathletics,
Geogebra, HotMaths, spreadsheets, PowerPoint Presentation and Interactive
White Board (IWB).
The common reasons for teachers’ use of two types of technology
(spreadsheets and HotMaths) were evident in their experiences that include:
Visualising concepts and geometric figures in 2-D and 3-D;
Reinforcing learning for slow learners;
Engaging students in learning through motivation and hands-on activity;
Explaining concepts through good graphical techniques rather than using
a blackboard;
Achieving outcomes of student learning using hands-on activity;
Making learning fun and interesting; and
Using of real life problems for statistics, basic geometry, trigonometry and
coordinate geometry
All teachers combined strategies, using for example practical work, worksheets
and the use of Geogebra technology to teach ‘permutations and combinations’.
One such teacher teaching described this as follows:
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I have a permutations and combinations topic. I bought a box of
chocolate in different varieties to demonstrate varieties and I allow them
to eat the chocolates because there is no replacement when they have
eaten the chocolates, very hands-on. I have a website for Geogebra and
it has dynamic worksheets. I don’t have a textbook, so what I’ll do is to
provide worksheets to the students so that they don’t waste time drawing
them. I also demonstrated the dynamic worksheets on the laptop. I
actually get them to use their own laptops and play around changing the
angles.
Although all teachers used technology for teaching purposes, one of the
teachers who was interviewed does not support the use of technology. When
asked if there is anything she wants to say about using technology her
response was:
It is frustrating. When you are using the Internet, the HotMaths,
sometimes you can get very slow and it is not worth it. The
demonstration you have in a class sometimes half of the class is
working, and sometimes half is not working. Having the textbooks in the
computer is much more frustrating than the book because it takes so
long to get it opened. So I’m not a big fan in that way. I think you can get
work in the Internet and lot more interactive, it is good if you can get it
working but it is frustrating most of the time.
In this example, there is a problem associated to networking and time factor
opening the electronic textbook.
The technology materials presented in Table 7.13 are commonly used by all the
teachers interviewed. HotMaths is the main source of their mathematics
resources such as worksheets.
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7.3.5.2.1

Summary and analysis:

The teachers who were interviewed used a variety of teaching materials to
support their teaching. These included: syllabi outline, textbooks, overhead
projector, blackboard, white board, statistics software, clips from segments of
ABC, business reports, graphical techniques, newspaper, magazines and
worksheets. In teaching using technology resources,
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Table 7.13

Technology resources used by the experienced teachers

Technology resources
used by the
respondents

Explanation/Activity

Mathletics
http://www.matheletics.c
om.au.

Mathletics is mathematics online. It is just a
web-based program that they can practice basic
skills in mathematics.

Sample work

(Used by all 6 teachers)

Geogebra
http://www.geogebra.org
.com

Tools in Geogebra to draw trigonometric
functions on ‘Trigonometry Lessons’

(Used by all 6 teachers)

Hotmaths
http://www.hotmaths.co
m
(Used by all 6 teachers)

HOTmaths is an online maths tutor or homework
helper. It is a mathematical tool for students (as
part of a whole class, group or individual
learning activity)

Example of worksheet from Hotmaths
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Spreadsheets
(Used by all 6 teachers)

Problem:To raise money for a charity, a Year 10
class has decided to organise a school dance.
Tickets to the school dance will cost $6 each.
Expenses have been calculated as $200 for the
hire of the venue and $250 for a DJ. The dance
organisers hope to raise more than $1000 for
charity.

How to use the spreadsheet to solve the problem. Enter the following into cells A1:D9

Question:How many people need to attend the
dance to achieve this goal?

PowerPoint
Presentation/Smart
Board or Interactive
White Board (IWB)

Use of PowerPoint presentation slides to
connect to IWB

Click a Number to Practise that Table

2

3

4

6

7

8

((Used by all 6 teachers)

5

9 10 11 12
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all of them were familiar with the use of online materials such as: Mathletics,
Geogebra and HotMaths. Other software, Excel and PowerPoint Presentation
were used for topics like data and modelling, consumer mathematics and
probability topics. Interactive White Board (IWB) was also used by all the
teachers. Each student as a consequence of school policy was provided with
laptops to use in the classroom and to take home for homework, research work
and assignments. Despite the availability of these resources in the school
where the interview took place one teacher was not keen to support the use of
online resource (HotMaths) because of networking problems occurring during
her lessons. This teacher used alternative resource materials for teaching
measurement and geometry, namely manipulatives such as wooden blocks.
7.3.5.3

Teaching strategies

The aim of this section is to present the data gathered from the interview of
experienced teachers. These descriptions of teachers include the use of
technology, group work, use of practical work, use of manipulatives and use of
learning theories. The teaching strategies used by teachers are again
interconnected with the materials used and lesson preparation they make. The
teachers are more familiar than the inexperienced teachers with using different
strategies in teaching particularly with teaching to the different learning styles of
their students. The teachers are also well informed as to how to teach students
with varied learning capabilities: such as slow learners, students with learning
difficulties (physically and mentally not capable of understanding lessons
presented to them), average students and more capable gifted and talented
students. In this particular high school, they are familiar with using technology
because it is considered as a ‘laptop school’ which means all students were
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provided with a laptop computer to use at school and home. The school has
access to online facilities used in teaching such as ‘HotMaths’. The
mathematics faculty in this school used HotMaths as a source of teaching
materials in mathematics. The strategies used by the teachers in the interview
can be summarized as follows:
1.

Use of group work in teaching data (mean, median, mode and standard
deviation), [teacher 3].

2.

Use of hands-on work, by using wooden and plastic blocks in teaching
fractions (teacher 4).

3.

Use of media clips, news papers and magazines (teacher 6).

4.

Use of thinking skills in teaching all subjects (all teachers).

5.

Use of technology by means of engaging the students in the learning
process of circle geometry, trigonometry, problem solving in consumer
arithmetic (teachers 1,2, 3, 5 and 6)

The experienced teachers chose of strategies to teach mathematics based on
learning theories, for example using technology to motivate, with motivation as
a key idea from ‘behaviourist learning theory’ and others such as Maslow’s
Theory of Basic Individual Needs (i.e., self-actualisation).
7.3.5.4

Learning theories: in the choices made in teaching mathematics

Follow-up interview questions were sent to the teachers individually through
emails. Responses were emailed back to the researcher. The questions were:
1.

When do you use and not use technology in teaching mathematics?

2.

What learning theories do you use in the choices (refer to answers in
question 1) you made in teaching mathematics with or without technology?

The teachers were provided with a list of learning theories so that they can
match-up with proper terms or names of learning theories of what they actually
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do in the classroom, given that it is not as spontaneous to recall them from their
teacher training degrees. Unlike the practicing teachers, who studied or learned
‘learning theories’ in recent times.
7.3.5.5

Choices: with or without technology linked to learning theories

The teachers’ responses follow:
Teacher 1:
This teacher saw technology use related to constructivist theory and
behaviourist theory of learning.
1.

When do you use and not use technology in teaching mathematics?
I use technology intermittently, it depends on the topic but if there are
good graphical tools that might take me longer to draw up on the board
(such as graphs) I would use the overhead projector with some graphical
demonstration.
I also use it to break up the normal textbook work. HotMaths for example
I could use at the end of the day when the students take more effort to
focus are in the second period of a double. The work they do is good,
and it can be an excellent tool. But if find it is disliked with overuse, and
that student get better at appearing to do work when they are off task. It
is sometimes hard to see exactly how much work they are doing.
For instance, I found some kids had been having many quick attempts at
multiple choice answers – the result is that they get the answers right
eventually, (I think more open ended questions are needed)

2.

What learning theories do you use in the choices (refer to answers in
question 1)

you made in teaching mathematics with or without

technology?
I probably prescribe to a range of theories. It just comes down to my style
– which is looking at the list predominately the two below.
A constructivist view of learning means learning by doing and thinking,
thus activities or lessons in the classroom provoke students’ ability to use
their thinking and practical skills to learn lessons presented to them.
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Behaviourist theory of learning, the S-R (stimulus-response) theory;
motivation theory; reward and punishment for classroom management
and learning difficulties in mathematics
Teacher 2:
This teacher believed that technology has a variety of use in mathematics.
Blooms Taxonomy seems to be important to her in teaching gifted and talented
students. She used multiple learning theories: information processing,
Gardner’s multiple intelligences theory and constructionist view of learning in
relation to teaching mathematics with technology.
1.

When do you use and not use technology in teaching mathematics?
I believe technology could be used in all areas of teaching mathematics
however as a teacher I am restricted to access to resources eg.,
Smartboard. I vary the use of technology so that the lessons delivery
varies from topic to topic. Students need stimulation to be receptive to
new learning.

2.

What learning theories do you use in the choices (refer to answers in
question 1) you made in teaching mathematics with or without technology?
The use of Blooms Taxonomy is important in lesson for the GAT
students. The learning theories that I have used include: information
processing; Gardner’s multiple intelligences theory; constructionist view
of learning.

Teacher 3:
When this teacher used technology, it was used as a ‘tool’ or supplement
student learning. Technology was only used in a double period class. This
teacher would use behaviourist theory to reinforce student learning using
rewards or ‘merit system’ to students who perform well in class.
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1.

When do you use and not use technology in teaching mathematics?
I use technology once a cycle during the double period. This is once a
fortnight. I also use a grid page projected onto the board for Geometry.
This is used as an aid, not directly for learning.

2.

What learning theories do you use in the choices (refer to answers in
question 1) you made in teaching mathematics with or without technology?
Behaviourist theory of learning, the S-R (stimulus-response) theory;
motivation theory; reward and punishment for classroom management and
learning difficulties in mathematics
I conscientiously use this theory and in particular, random reinforcement.
I do this to encourage students to perform at their best. I use stamps in
their diary for good work in class and these accumulate for a ‘merit
certificate.’
A constructivist view of learning means learning by doing and thinking,
thus activities or lessons in the classroom provoke students’ ability to use
their thinking and practical skills to learn lessons presented to them.
This is one of my favoured learning theories but I find it hard to apply to
teaching in Maths with a diverse range of abilities in the class. I probably
use it as an awareness of an individual’s stage of learning development
where they are building their own knowledge and skills on previous
knowledge and skills.
Blooms Taxonomy
Again this is an awareness of student’s learning. I try to make them
understand and draw their own revelations about the work that they do in
class.

Teacher 4:
This teacher used a variety of learning theories in relation to teaching
mathematics with technology. These theories included: multiple intelligences
theory, constructivist theory Vigotsky’s social learning theory and Tony Ryan’s
thinkers keys.

She also used Blooms Taxonomy in teaching mathematics.
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1.

When do you use and not use technology in teaching mathematics?
I use: multiple intelligences theory, constructivism (when you use
manipulatives or

technology), Vygotsky's social learning theory(when

you do group work)
2.

What learning theories do you use in the choices (refer to answers in
question 1) you made in teaching mathematics with or without technology?
And I also use Tony Ryan's thinkers keys, Bloom's taxonomy, openended questions to facilitate the above.

Teacher 5:
The head teacher’s response from the email was not received by the researcher
due to the busy time in the school as the end of the year was approaching.
Despite this circumstance, the head teacher’s interview addressed her personal
view or theory about teaching that applies to mathematics, her comments were:
I think teachers choose to use more and more technology and finding
ways that they can use technology. If you do it in a single lesson it will
take too much time to investigate what technology to use. With the
Geoalgebra students are free to use. Teachers are with different levels in
the use of technology. But I think more and more we have realised that at
this school technology is very much a tool for learning. It is not the main
way which we present our lessons or a way that something can be done
to demonstrate well so is to increase the ability of the student to master
the concept and then we would like to use it. The access to papers on
the School Certificate Online, we use technology a lot. Through the
‘Janison Online Classroom’ in the school we have links to the Board of
Studies website, and we direct students to go to the site.
I think students think well when they are in a group because they can talk
to each other and one might not think, and they can collaborate. They
can work out problems together. In terms of something that we want in
secondary schools, is online testing. We would really like to have some
sort of programs develop where it is really when we can use the
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‘Equation Editor’ with the software package with marks because lot of the
time we have to embed the image to bring an equation.
One of the things we are trying to bring in out teaching is more and more
using thinking skills, activities where the students once a week will have
to think about how they can I apply this in the real world and I actually
bought a lot of technology resources where teachers are trying to look at
the experiences how to interact in the program.
The head teacher implicitly addressed learning theories by taking about
‘thinking skills’ in relation to ‘intelligence learning theory’.
Teacher 6:
The retired teacher implicitly mentioned the learning theory he used in the
classroom when he was asked his personal view or theory that applies to
mathematics teaching. The answers were:
I am not exposed to any theory of teaching given that I taught many
years. All I know is to make teaching relevant to everyday life, used
examples which students can be motivated by.
The retired teacher’s comment implicitly addressed motivation which is
consistent amongst others with the ‘behaviorist theory of learning’.
The six teachers interviewed expressed their views and experiences to the
questions regarding when to use and not use technology in mathematics and
secondly to the question regarding the learning theories used in their choices
they made in teaching mathematics with or without technology, as reflected in
their comments. Table 7.14 describes teachers’ use and non use of technology
in teaching mathematics.
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Table 7.14

Teachers’ use and non use of technology in teaching mathematics
Use of Technology

1. Topics that involved drawing and sketching
2.
3.
4.
5.
6.
7.
8.

graphics and tables.
To break up normal textbook work.
For discipline purposes, like reinforcing
knowledge as students are not focus on
learning during the end of the day.
Depends upon the topic as other topics in
mathematics need logical thinking like
problem solving and algebra.
The belief of one teacher that technology
can be used in all areas of mathematics.
Use technology to motivate and stimulate
students to learn.
One teacher used technology as a tool for
learning in a cycle during a double period,
not for direct learning.
One teacher used technology as linked to
multiple intelligence theory and
constructivist theory.

Non Use of Technology

1. Group Work using Vygotsky’s proximal
development theory.

2. Use of manipulatives like wooden
blocks for teaching the concept of
volumes in topics like measurement,
areas and volumes (multiple
intelligences theory and constructivist
theory)

The comments of teachers interviewed portray a similar pattern in terms of
using technology (refer to Table 7.14). All of them used technology in their
teaching, for example the use of Excel and online resources.
However, one teacher is not a keen user of technology because of networking
problems occurring in her classroom. Her choice is to use different materials
and approaches in teaching, like for example the use of manipulatives linked to
constructivist theory and information processing theory, and a mention of using
Vygotsky’s proximal development theory, the use of problem-based worksheets
to enhance thinking skills, and specifically commented in using Gardner’s
multiple intelligences theory. A follow-up email was sent to her to provide the
researcher more information about the use of problem-based worksheets for
thinking skills (refer to Table 7.15) for sample questions used in thinking skills. A
response to the email is presented verbatim:
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I did a lot of the measurement topic-perimeter, area, volume, surface
area with Year 9 on HotMath., It got so frustrating that I had a choice
between HotMaths and the text for each lesson.
With first and last periods an example I can think of is to cover ‘Simple
Interest’ straight forward type questions with Year 11 General
Mathematics towards the end of the day but ‘Compound Interest’
introduction and harder questions like finding the rate of interest in the
earlier periods of the day. Also if I want to do anything practical I try to
make it early or in a double in the middle of the day as students seem to
be easier to manage then. E.g. measuring perimeter and area in the
playground, measuring using the offset survey method for Year 11
General, or inside finding the perimeter and area of large (on A4 sheets)
shapes with students working out what they need to measure and using
their own measurements. Also with the group work sometimes it is not
very productive at the end of the day and it is better earlier so when
planning a unit I try to do it earlier in the day…Mrs Grant

Table 7.15

Sample thinking skills questions
Questions to Think About

1. Without a calculator, find the square root of 35 20 28. (Hint:
express each product as a product of each factor). For this
question you need to remember that the

3 3 = 3.

2. Ali is counting forwards 1,2,3,…and at the same time, and the
same speed, Dane is counting backwards y, y-1, y-2, …When
Ali says number 47, Dane says 83. What number did Dane
start with? What is the value of y?
Table 7.16 presents a summary of the teachers’ choices of learning theories
used by teachers in teaching mathematics with or without technology.
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Table 7.16

Technology resources used by the experienced teachers

Application of learning theories in choices made by
teachersmatics : use and non use of technology
Teacher 1: Use of constructivist theory of learning and behaviourist
theory of learning.
Teacher 2: The use of Bloom Taxonomy is important for Gifted and
Talented Teaching (GAT) students; use of Gardner’s multiple
intelligences theory and constructivist view of learning.
Teacher 3: Use of behaviourist theory of learning for random
reinforcement to perform the best, and use of ‘stamps for good work
to get a ‘merit certificate’ from the school principal.
Teacher 4: The use of open-ended questions to facilitate thinking skills,
Blooms Taxonomy and ‘Ryan’s Thinker’s Keys’
Teacher 5: The use of Gardner’s multiple intelligences theory
(developing thinking skills) and behaviourist theory (use of drills).
Teacher 6: The use of behaviourist theory (motivating students to learn
using manipulatives such as cardboard boxes); Gardner’s multiple
intelligences theory (visual, cerebral, logical and others).
Constructivist theory of learning, behaviourist theory of learning and Garner’s
multiple intelligences theory are the dominant learning theories used by the
teachers in their choices. A theory that is not well used by other teachers which
was brought up by one of them, is “Ryan’s Thinker’s Keys” theory pioneered by
an Australian author in the 1980’s. Thinker’s Keys were patterned from ‘Bloom's
Taxonomy of Learning’ and ‘Multiple Intelligences’ approach to teaching and
learning. Thinker’s Keys are a very useful strategy to get students to develop
their questioning techniques and for teachers to get an understanding of
students’ knowledge base on particular topics. The concepts of Thinker’s Keys
can be effective ways to introduce different higher-order thinking to students.
They can be easily included in contract activities, homework tasks, journal
writing activities and extension tasks. Ryan’s Thinker’s Keys include twenty key
points: reverse, what if, disadvantages, bar, variations, picture, ridiculous,
commonality, question, interpretation, brick wall, construction, combination,
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prediction, brain storming, forced relationships, alphabet, different users,
inventions

and

alternative

(http://www.thinkerskeys.com),

accessed,

21

October, 2011.
7.3.5.5.1

Summary and analysis:

Teaching and learning mathematics no doubt incorporates the use of many
learning theories as expressed by the teachers interviewed.
In general, the teachers interviewed (inexperienced and experienced)
expressed the reasons why they choose to use technology in teaching
mathematics. These reasons included: the use of technology in the classroom
to enhance student learning, allowing students to work at their own pace.
PowerPoint Presentation was used to allow the teacher to monitor student work
through walking around the classroom. Computers were used as graphical tools
allowing the teacher to demonstrate in lessons for example the sketching of
parabolas and drawing geometrical solids. Technology such as the Internet,
Geogebra, Mathletics and Maths Online were used to increase the ability of
students to master concepts using drill and practice.
The experienced and inexperienced teachers used technology in their teaching
only when it was appropriate. For example, in teaching solid shapes technology
can allow students to visualise objects in two or three dimensions. The use of
Maths Online serves as revision tools and for homework purposes. One teacher
noted that technology such as HotMaths could break up normal textbook use, in
particular at the end of the day lessons where students are less focused in
learning. Another teacher used a variety of technology to suit the topic lessons.
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However, one experienced teacher was not so keen of using technology
because of the networking problems in her classroom.
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Chapter 8
Conclusion
…the adoption and use of technology-oriented learning tasks is not enough to
ensure successful integration of technology into teaching (Levin & Wadmany,
2006,p.174).
8.1

Introduction

This chapter presents a summary of findings of the study. The aim of this thesis
was to discover the extent to which mathematics teachers in government high
schools in New South Wales (Australia) have integrated computer technology
into their teaching. It also aimed to find out what were the facilitating or inhibiting
factors to mathematics teachers’ use of technology in the classroom.
There were five specific questions addressed in this thesis,
1.

What were the barriers faced by mathematics teachers in using technology
in the classroom?

2.

Were individual teacher’s beliefs in the nature of mathematics,
mathematics teaching and learning, and mathematics teaching and
learning using technology related to the computer use?

3.

What professional development (knowledge) mathematics teachers had
previously experienced, and how were these experiences related to
teachers’ use of computers in the classroom?

4.

Did teachers need on-going support for technology in teaching
mathematics, and how was this need related to their decision on use or
non use of computers in the classroom?

5.

What were the factors that contributed to the use and non use of
computers in the classroom?

The five questions were answered from the results of the data collected from
the responses of mathematics teachers who participated in the study, and from
the responses of interviews of inexperienced and experienced mathematics
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teachers. The data was collected using a ‘mixed-method’ approach. Two
approaches to analysis were undertaken. First, the traditional approach of
having teachers list barriers and the second approach were the relationship
between barriers, beliefs and knowledge (or professional development and
training) were modeled.
In this final chapter it is appropriate to reflect on what has been explored in
relation to the use and non use of technology by secondary mathematics
teachers in their teaching. Figure 8.1 shows a diagram of the aspects or areas
that were examined in this thesis.

Figure 8.1

8.2

Areas explored in the study

Findings of the study

A summary of the findings of the study are presented in the following sections.
1.

Barriers to using technology (8.2.1);

2.

Beliefs of teachers to computer use (8.2.2);

3.

Knowledge (or professional development and training) (8.2.3);

4.

On-going support for technology (8.2.4);

5.

Simple model predicting computer use (8.2.5);
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6.

Mediational model predicting computer use (8.2.6); and

7.

Teachers’ use and non use of technology (8.2.7).

8.2.1 Barriers to using technology
Barrier has been given a meaning as something that stopping or blocking an
object or a concept. As has been explored in this thesis, barriers to computer
use became the subject or focus of some researchers pertaining to computer
technology. Authors like Manouchehri (1999) in the USA, Keong et al (2005) in
Malaysia, Bingimlas (2009) and Forgasz (2006) in Australia looked at the
factors that inhibit or facilitate the use of computers in secondary mathematics
teaching. They found that lack of ‘access to and /or computer labs’ was the
dominant barrier to computer use. In the present study the use of simple
ranking of percentage of teachers who considered factors to be barriers
suggested that lack of access to computers/computer labs were the greatest
barriers to the integration of technology in their teaching. This is also similar to
those reported in earlier research studies on computer use in education in
general: in the US, Sulla (1998) and Donald (1998); in New Zealand, Mawson
(1999); in Australia, Richards (1997); D’Sousa et al (2003) and Palmer (2002).
However, when a logistic regression analysis modelling who uses computers in
the mathematics classroom was undertaken a different story emerged. When all
the items in the barriers to computer use (such as, access to computer, access
to computer labs, classroom management in using computers, technology
support, lack of time to undergo training, compatibility of software and
hardware, lack of knowledge of teaching strategies using computers, inability to
trouble shoot problems with computers and lack of lesson plans using
computers) were use to model computer use or non use through using a logistic
regression analysis the lack of lesson plans using computers in mathematics
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was the only barrier distinguishing use or non use of computers in the
mathematics classroom. Surprisingly, of the all the authors’ work reviewed in
this study not one conforms with the findings of the present study, the lack of
lesson plans using computers in mathematics as the dominant barrier to
computer use. This implies that barriers may have a different meaning to
“blocking or stopping teachers in using technology”. Barriers may be seen as
circumstances that make the use of computers more difficult, not necessarily as
circumstances

which

prevent

teachers

from

using

computers

in

the

mathematics classroom. In this study 72 per cent of teachers overcame the
perceived barriers of lack of access and use computers in their teaching (refer
to Chapter 5, Table 5.24). Perhaps the question to ask is how some teachers
manage to overcome perceived barriers to use computers while others do not.
The question as to what are the barriers to using technology in the classroom
appears to be methodologically bound. Studies which rank items that teachers
suggest are barriers to use do not necessarily identify the factors that prevent
teachers from using technology in the classroom.
8.2.2 Beliefs of teachers regarding use and non use of computers
The theoretical underpinning of this thesis was Fishbein and Azjen’s (2010)
theory of reasoned action. A key component of the model examined was
teachers’ beliefs in the nature of mathematics, mathematics teaching and
learning, and teaching with technology. A review of literature to why beliefs are
important was undertaken. The analysis showed by simply ranking the beliefs
that: the dominant belief as to ‘what is mathematics’ was that mathematics is a
tool for problem solving. On the view about mathematics teaching and learning,
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the dominant belief of the teacher’s was ‘students need to be encouraged to
enjoy learning’
When a stepwise logistic regression was performed to examine the relationship
between the sixteen beliefs and computer use, only four of the beliefs were
statistically significant. Three of these were positively associated with the use of
computers in the classroom: The use of computer technology provides access
to huge amount of mathematics resources; When teachers use computers in
the classroom, they are able to spend more time on concepts rather than
routine computational skills; and Mathematics is a way of life and a way of
thinking. The belief Mathematics is made up of individual components that
incorporate the study and application of number, algebra, geometry, calculus,
collection of data and graphs was negatively related to the use of computers.
The next item in the model for predicting computer use is the knowledge or
professional development and training the teachers have undergone before and
after their teaching career.
8.2.3 Knowledge (or professional development and training)
Various types of professional development have been proposed and discussed
in Chapter 3. Simple examination of whether or not teachers had training on
individual packages suggested that if they had training on that package they
were more likely to use the package in the classroom. Similarly, teachers who
had engaged in school-based professional development in the previous three
years were more inclined to use computers in the classroom than those who did
not. The simplest form of training, package-based and training, in examining
schools were positively related to computer use in the classroom.
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Surprisingly results show that a number of teachers have not used (n = 29, 26%
of N = 112) computers in teaching mathematics, despite the NSW Department
of Education having a policy in place since 1997 on the use of technology such
as the Internet and computers. A high number of teachers, 47 or 42% have no
other formal training in computer technology. However, there was no significant
association between the formal training the teachers had in computer
technology and their usage or not of computers. There were no significant
differences between the specific types of professional development undertaken
when comparing those who had formal training with those who did not.
In terms of teachers’ training on software packages the examination into the
nature of the association between training in each of these packages and
teachers use of the package in the classroom revealed that in every instance,
an equal or greater percentage of teachers who had training used the specific
package in the classroom when compared to teachers who did not have training
on the package. These findings were significant for Word, Access, Excel, the
Internet, and programming training. The availability of packages is lower than
expected ranging from ‘Others’ (LOGO) (18%) to ‘Access’; (88%) except ‘Word’
(100%), ‘Excel’ (95%) and ‘PowerPoint’ (92%). Those who had previous training
in Excel want further training in Excel presumably to deepen their knowledge for
other uses. It could be for graphing, simulation and aiding concept development
of data analysis. Teachers were asked an open-ended question that described
their most successful use of computers, and the use of spreadsheets (Excel)
was the dominant response from the teachers.
Separate logistic regressions were produced to predict the use or non use of
computers in the classroom from the factors: the preferred sources of
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professional development, the sources of training they had participated in the
last three years, whether they had training on specific software packages,
whether or not they had formal qualifications, whether they wanted further
training on specific software packages and their access to different packages.
Of the items examined only two significantly predicted computer use in the
classroom. Teachers who preferred to be trained by using the Internet as a
source of professional development, and from the Education Department
Training Programs were more likely to use computers in the classroom than
who did not endorse these preferences.
8.2.4 Ongoing support for technology
When examining teachers need for support (n = 112) the analysis of data
revealed that ‘on-going support’ predicted computer use. Surprisingly of the
teachers who used computers 61% want ongoing support and of those who did
not use computers, only 24% identify support as being necessary. This means
that those teachers who already know how to use computers want ongoing
support, and the teachers who had no computer experience do not wish to have
ongoing support. This makes sense in that teachers who use computers will
encounter the problems associated with printers not working, and servers
“going down” or running slowly.
From the responses to the open-ended questions teachers requested on-going
support for professional development, and it was the dominant item preferred by
teachers (47%).
8.2.5 Simple model predicting computer use
All nine variables which significantly related to computer use are: four beliefs
(components, life, concepts and resources), one knowledge (had training in
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EXCEL), three needs (on-going support, the Internet and Education Department
Training Programs) and one barrier (lack of lesson plans using computer in
mathematics) were analysed together using logistic regression analysis to
model computer use. Only two variables made a unique contribution to
predicting computer use. Had training on Excel and the barrier to computer use,
lack of lesson plans using computers in mathematics were statistically
significant.
8.2.6 Mediational model predicting computer use
The Fishbein and Azjen’s model proposed mediating factors (Examined in
Chapter 5). Separate logistic and linear regression analyses were performed to
find out if the factors mediated or partially mediated each other after controlling
for the variation in other variables. Of all the significant variables in the simple
model, the need for on-going support partially mediated had training on Excel
and the barrier, lack of lesson plans using computers in mathematics.
In using the Fishbein and Azjen (2010) theory of reasoned action (TRA), had
training on Excel was considered to be a ‘behavioural intention’ in this
application of the model. This implied that when teachers have had training on
Excel (as knowledge), there is ‘intention’ to use computers in the classroom.
8.2.6.1

Conclusion: overall modeling approaches

The simple modeling of computer use undertaken suggested that the two
variables had training on Excel and lack of lesson plans using computers in
mathematics, are the two predictors for computer use in the classroom.
The meditational model was used to explore the Fishbein and Azjen
suggestions that some variables mediated others. Ongoing support was found
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to be significant controlling for Excel and lack of lesson plans suggesting that a
partial mediation occurs.
Using different methods of modelling (simple and meditational modelling
techniques) can provide different mathematical solutions. Which model to use is
interpretative. The exploration of meditational approach was undertaken to find
out the potential of one variable to mediate another. In both modeling technique
(simple and meditational), had training on Excel has been consistent as a
significant predictor to computer use. It can be assumed that teachers who had
had training in the use of Excel are likely to use computers in the classroom. In
as much as having training on Excel can be interpreted as behavioural
intention. This is consistent with findings in relation to Fishbein and Ajzen’s
model that ‘intent’ most strongly predicts behaviour.
8.2.7 Teachers’ use and non use of technology
In the second phase of the research the researcher identified learning theories
that were common in the mathematics education literature and in the courses of
study, and even those used by the researcher herself when making choices in
relation to teaching. These theories included constructivist learning theory,
cognitive learning theory, other learning theories like, Vygotsky’s zone of
proximal development theory, behaviourist learning theory, E-learning theory
and multiple-intelligence theory. The focus was on teachers’ choices in teaching
mathematics. These choices are related to the implicit or explicit use of different
learning theories. The examination of learning theories (explicit and implicit) that
were applicable to the use of technology in teaching mathematics revealed in
this thesis. This preceded the exploration through interviews both inexperienced
and experienced teachers of the choices they make in the development of
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lesson plans, selection of teaching strategies and materials based for teaching.
The theories identified in the choices made by the inexperienced teachers when
they did their practicum were, ‘constructivist theory’, ‘behaviourist theory’ and
‘information processing theory’.
The choices made by the inexperienced teachers regarding their use of
strategies in teaching mathematics, reflects the application of learning theories.
One inexperienced teacher was passionate of using Bruner’s ‘information
processing theory’. She claimed that it was her preferred learning theory
because that is what she teaches, and that is how she sees her students learn.
Another choice of the theory by one of the inexperienced teachers in the
practicum teaching was Vygotsky’s zone of proximal development theory.
Another inexperienced teacher utilised Piaget’s cognitive theory of learning in
practicum. The choices made by the inexperienced teachers to have students
investigate Internet sites such as Mathletics, and the setting of demonstration
and practical exercises was based on the holding of constructivist learning
theory perspective.
8.2.7.1

Inexperienced teachers

Drawing on behaviourist theory, all inexperienced teachers’ except one used
technology in their practicum as a tool to motivate students to learn. Further
drawing on stimulus-response, students were given practice and repetition
through Mathletics online to improve basic skills.
Students’ use of constructivist theory involved requiring students to draw or use
diagrams, sketching graphs, curves, solids shapes and tables. These classes
were highly practical. This is consistent with the belief that ‘the use of computer
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software can make understanding clearer through graphs, presentations and
simulations’.
Other more pragmatic reasons also led to teachers’ choices. Inexperienced
teachers’ chose to use technology such as, Google SketchUp, Smart Board,
Web Quest, Geogebra and Excel in order to reduce time in lesson preparation.
This was consistent with the earlier findings the belief that when Excel was used
in teaching there was a significant association with ‘teachers spend more time
on concepts rather than routine computational skills’. Inexperienced teachers
also considered these tools allowed students to enjoy, and have fun learning
mathematics. These teachers use a variety of resources, worksheets and
lesson ideas from the Web Quest and this is consistent with the teachers’
beliefs that ‘the use of computer technology provides access to huge amount of
mathematics resources’.
There were times inexperienced teachers chose not to use technology. One
student teacher undertaking practice teaching in one school indicated that there
were no available technology tools to use in the classroom. There were
indications from one student-teacher that the choice not to use technology when
teaching basic skills related to constructivist theory the associated use of
hands-on-activity rather than using computers.
8.2.7.2

Experienced teachers

The experienced teachers expressed a wide variety of repertoire of theorybased

decision

making.

The

interviewed

teachers’

used

HotMaths,

spreadsheets, Interactive White Board, PowerPoint Presentation and Geogebra
in teaching mathematics. The use of these technologies connected with the
findings in the literature explored in the literature. Hermans et al (2008) found
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that constructivist teachers’ beliefs are strong predictors to computer use in the
classroom. For example, the use of constructivist learning theory was evident in
the choices of the teachers to have students use the Internet and spreadsheets
(Hadjerrouit, 2009; Kahveci and Imamoglu, 2007; Vincent, 2003; Mitchell, 2002)
to improve the “constructivist knowledge”, through providing learning of students
a deeper understanding of statistical and mathematical concepts.
The experienced teachers’ used technology not only as a tool for teaching but
with strongly behaviourist overtone for classroom management purposes to
reinforce knowledge and when students are not focused on learning at the end
of the day. Geogebra software was used to reinforce slow learners or students
with learning difficulties to learn through hands-on activity. Another use of
behaviourist theory was implicitly expressed by the retired teacher that his
theory is simple ‘by motivating students to learn using manipulatives such as
cardboard boxes, paper cut-outs, drawing nets of solids in papers and
cardboard’ and the use of Gardner’s multiple intelligences theory for ‘visual,
cerebral and logical thinking.’
As with inexperienced teachers computers were used for topics that involved
drawing and sketching graphics and tables, where using spreadsheets enables
topics to be taught in class using minimum amount of time for calculations and
drawing on a blackboard. One of the significant findings in the first study that
relates to the use of technology is that ‘when using technology, teachers reduce
time in presenting lessons and can move through materials rapidly.’
Sometimes teachers’ choices not to use technology are associated with holding
theoretical perspectives which are interpreted as being theories of learning. One
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such example was as expressed drawing on constructivist theory rather than
the computer. Teachers also chose to use manipulatives such as wooden
blocks for teaching the concept of volumes in topics such as measurement,
areas and volumes rather than using computers. So while computer use could
be seen to relate to holding constructivist viewpoints, other strategies such as
using manipulatives could be used by teachers of this persuasion. Other
choices, such as the use of technology (spreadsheets, Geogebra and
HotMaths) reflected the use multiple intelligence theory, when students use
these tools to visualise concepts in 2-D and 3-D geometric figures. This refers
to ‘visual-spatial intelligence or the ability to perceive visual and spatial
information’.
The teachers interviewed expressed teaching practices drawing on the aspects
of many learning theories. Aspects of these underlying theories in mathematics
learning were evident in the lesson preparation, teaching materials and teaching
strategies with or without the use of technology.
The choices made by the experienced teachers in teaching mathematics were
associated with linking to learning theories have commonalities like the use of
‘Blooms Taxonomy’ for gifted and talented students because of their ability to
think, remember, understand, apply, analyse, evaluate and create when
questions are presented to them (see sample lesson plans of two teachers in
the interview in Chapter 7) to confirm their views and responses to the
interview. The experienced teachers used Gardner’s multiple intelligences
theory (logical-mathematical intelligence or the use of mathematical, abstract
and logical reasoning) and constructivist theory (developing thinking skills) and
behaviourist theory (use of drills) in their teaching. One teacher commented that
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‘behavioursit theory’ was used in her lessons for random reinforcement to
perform the best, and used of stamps for good work to get a ‘merit certificate’
from the school principal.
The most dominant learning theories used by the teachers in their choices in
teaching mathematics both, with or without technology are ‘constructivist theory
of learning’ and ‘behaviourist theory of learning’. A theory used by one teacher
and not others was ‘Ryan’s Thinker’s Keys’ theory pioneered by an Australian
author in the 1980’s which could develop students’ higher-order thinking skills. It
is a strategy to develop students’ questioning techniques. Ryan’s Thinker’s
Keys also allow teachers understand students’ knowledge base on particular
topics, for example topics in mathematics subjects.
8.3

Summary and concluding remarks

There were some findings in the literature that were not evident in this study.
For example, in the beliefs in using and not using technology in mathematics
teaching, literature suggests: technology could replace teachers, it may improve
learning mathematics and technology could change the traditional role of
teacher. On the other hand, using a statistical analysis model, the present study
suggests that: computer technology provides access to huge amount of
mathematics resources, and through computers teachers are able to spend
more time on concepts rather than routine computational skills. In regards to the
barriers of computer use, literature says that lack of access to computers is the
dominant barrier to computer use. The present study says, modelling actual
computer use, logistic regression model, suggests the barrier to computer use
is ‘the lack of lesson plans using computers in mathematics’. The only item that
the literature and the present study have in common is the need for ongoing
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professional development for the inclusion of computers in mathematics
teaching. It further modelled the mediating factors that impacted on the direct
predictive analysis of computer use. In both models (simple and meditational
model analyses) Had Training on Excel was significant which indicated that
teachers are more inclined to use computers when they had training in Excel.
This connects to the ‘intent’ which was termed as ‘Behavioural Intention’ in the
model patterned after Fishbein and Azjen (2010) of the Theory of Reasoned
Action (TRA).
The literature reviewed in this study posed some similarities and dissimilarities
to the present study. It appeared that by using logistic regression analysis in the
present study, it showed the factors that contribute significantly to computer
use. Also, it could be that the methodology used and the type of questions in
the literature could have made a difference in what they seem to portray. In
summary, the present study looked in depth to the reasons why teachers were
reluctant to adopt computer use in the classroom. This was done through
associations of direct and mediating variables using several separate logistic
and linear regression analyses models in each aspect of the questionnaire
survey.
Researchers in the past simply identified the barriers to technology use using
ranking and percentages of responses to items or questions. This does not
necessarily mean that the factors identified by teachers are the actual barriers
in using technology in mathematics teaching and learning. Using approaches
listing barriers, the reasons for non use to be the same over the years. One
such barrier has been the lack of access to computer use. Schools in Australia,
like in the New South Wales have allocated budgets to buy computers for every
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school. This was undertaken so that students and teachers have equitable
access for use. However, little or nothing has been done in assisting
mathematics teachers how to prepare lesson plans using mathematical
software and associated technology, an issue which has arisen when modelling
teachers’ use of computers.
The results of the second and third studies revealed that inexperienced and
experienced teachers made choices to use technology where appropriate in
their lesson preparation, teaching materials, and teaching strategies. There
were also instances that teachers have chosen to use technology for classroom
management purposes, and there were occasions when visual and graphing
representations of objects need a less demanding way of presenting the lesson
to the students.
In summary, the choices teachers make in teaching with technology depends
upon the topics taught and the circumstances they faced, like when the classes
are in the first period of the day, when students are receptive to learning.
Finally, Figure 8.2 illustrates when choices are made by teachers in lesson
preparation, selecting teaching materials to use and determining what teaching
strategies to use. These choices often relate to aspects of ‘learning theories.’ In
some instances choices not to use technology sometimes related to theories or
perceptions of what theories imply about learning. The questions regarding
barriers to computer use need to be more refined to examine when it will or will
not be used. Teachers make both sorts of choices. Sometimes teachers with
leaning towards constructivist theory may choose technology as a strategy, at
other times manipulatives.
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Figure 8.2

8.4

Teacher’s choice of use and non use of technology in the
classroom

Limitations

The study has possible limitations. The findings only concern teachers in similar
situations, experiences and exposure to the use of technology in teaching
mathematics. The data and analysis gathered from the first study on the survey
of mathematics teachers and head teachers in the New South Wales
Department of Education and Training (NSWDET) cannot be automatically
generalized to all secondary mathematics teachers in Australia because each
state and territory have different mathematics curriculum, different mathematics
objectives and assessment programs (refer to Chapter 2). During the past
decade or two, the barriers to computer used were attributed to ‘lack of access
to computers or computer labs’ and ‘lack of professional development.’ The lack
of computers may have been a major problem despite the methodological
issues. However this is no longer the case. Although the Australian government
has recently (post collection of the survey data) implemented a policy providing
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‘laptops’ to each student, the impact on how teachers utilise them in the
classroom is not clear-cut. From the results of the present study, teachers want
training in software packages like Excel and support from those responsible for
technology education in terms of lesson preparation with computer use. Looking
back at the outcome of the first study, it was found ‘teachers who had training in
computers as in the use of Excel preferred to have further training and those
who did not have training do not want to have training.’ Looking back at this
what is revealed.
In the second and third studies of this research, both the inexperienced and
experienced teachers portrayed their enthusiasm for the use of technologies in
the classroom.
8.5

Future directions and recommendations

Teachers, leaders and technology support people in education should be
reminded that ‘providing computers’ is not the remedy for teacher’s lack of use
of technologies in the classroom. In the present study, it seems that the nonusers of technology need some help in mathematics lesson planning to include
the of computers. However, this is complicated in that statistical analysis of the
present research showed that ‘teachers who did not use computers in the
classroom’, were the ones who do not want training. Those teachers who had
training, who used computers wanted more training. May be, to remedy this
problem schools need to include in their school plans the training of teachers to
use technology with an emphasis on ‘lesson planning’ embedding technology
use in mathematics. Lesson preparation is paramount to teaching and learning
and most teachers want to see lessons that work for the students they teach. A
study that specifically addresses training teachers to create and design lessons
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integrating technology in the mathematics subjects should be explored.
Education departments, district office/regional office and secondary schools
should consider training mathematics teachers to incorporate technology in
lesson preparation and not leave the individual teacher to fend for themselves.
Training or professional development programs should be ongoing with timelines, and evaluated after two or three years of implementation to determine
further needs in a changing technological environment.
8.6

Recent development

At the time of the data collection (2005-2006), there were no available studies
that modelled computer use in the mathematics classroom. Two studies have
been published since then modelling the factors affecting the adoption of
computer use.
A German study of primary school teachers used linear regression techniques
(statistical modeling) to investigate the impact of teachers’ educational beliefs
on their adoption of computer use in the classroom (Hermans et al, 2008). A
multilevel modeling technique was used to predict computer use in the
classroom using four independent variables: teachers’ beliefs (constructivist and
traditional views), teacher demographics (gender and age), computer
experience and computer attitudes. The study found that teachers’ beliefs about
teaching practice significantly predicted the adoption of computer use in the
classroom. A constructivist view of teaching was found to be the best predictor
of computer use. Teachers with traditional beliefs did not impact in the adoption
of computer use.
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Pierce and Ball (2009) surveyed 92 Australian secondary mathematics
teachers. The modelling framework used Ajzen’s (1991) Theory of Planned
Behaviour (TPB). The survey focused on factors that influence mathematics
teachers’ intention to change their teaching practices regarding the use of
technology in the classroom. The study looked at attitudes, subjective norms,
perceived and behavioural controls. Data was analysed using association
between items, Fisher’s exact test and percentage ranking. The results of the
study are similar to those of Forgasz (2006). The barriers to computer use were
found to be: lack of access, lack of confidence, computer skills and time are
factors that act as barriers to the use of computers in mathematics teaching.
Both of these studies have similarities to my study in their use of modelling
techniques. In Hermans et al’s study, teachers’ beliefs, gender and teacher’s
age, computer experience and computer attitudes were used as predictors of
computer use. The similarities with my study is that we both used teachers’
beliefs and computer experience. However, in my study I examined beliefs of
teachers in the nature of mathematics, and the teaching and learning of
mathematics with or without the use of technology in the classroom while
Hermans et al study examined beliefs of teachers on constructivist and
traditional views of teaching. I examined computer experience in terms of
numbers of years training in computer use, formal qualifications that involved
undergraduate and post graduate degrees while Hermans et al also considered
the experience in number of years the teachers have been using computers.
The teachers were also asked to report the number of hours they use
computers supporting their classroom practices to prepare lessons and develop
teaching materials. The use of computers in their study is in general terms. In
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my study the use of computer packages were specified as in the use of Word,
Excel, Access, PowerPoint, Front Page, PaintShop, Publisher, the Internet,
programming languages and LOGO. I also used ten barriers that prevent
teachers from using computers. In my study I did not include teacher
demographics (gender and age) with the assumption that they will not
contribute to predicting computer use. Both Hermans et al and my study
predicted computer use using statistical modeling techniques. Their study dealt
with primary teachers and mine collected data from secondary mathematics
teachers. Therefore there are similarities in the factors use to model computer
use but different in the clientele.
In Pierce and Ball’s study, TPB was used to model teachers’ intention to change
teaching practices with the use of technology. Using the TPB, this study
examined mathematics teachers’ perceptions of the barriers and enablers to
their intention to use technology in teaching. A Mathematics with Technology
Perception Survey (MTPS) that contained 12 items using a 5-point Likert Scale
from strongly disagree (SD = 1) to strongly agree (SA = 5) was used to collect
data from teachers. It also looked at teacher demographics (gender, school type
as government and non-government, and location). My study looked specifically
at government schools with school classifications. While in my study, teacher’s
beliefs, knowledge (professional development in training on the use of software
packages), and barriers were used as predictors to computer use in
mathematics teaching. My study modelled teachers’ intention to use computers
based on their training on software packages as predictors.
In summary the two studies have similarities and dissimilarities with my study.
My study is closely related to Hermans et al’s study. Both studies modelled
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computer use using ‘statistical modeling’. Pierce and Ball’s study used a
‘behaviour model’ as an intention to change teachers teaching practices
regarding the use of technology in the classroom. In my study I also used
‘behaviour model’ of intention to use computers based on training on the use of
software packages (like Excel) in the mathematics classroom but not to change
mathematics teachers’ practices in integrating technology in their lessons.
8.7 Concluding remarks
This journey has been a reflection of my teaching experience as a secondary
mathematics and computing teacher for two decades in Australia. My passion
for computer programming was translated to using technology in my
mathematics lessons in the 1990’s. As a teacher I started to use BASIC
programming to solve mathematics problems in my senior mathematics classes
and saw the potential of computer technology, such as spreadsheets and the
Internet. In 1996, the principal of my high school made me responsible for inservicing teachers in the use of computers and the Internet in their lessons
across the curriculum for a period of two years. What I experienced during this
time was an eye opener which laid the seeds of this endeavor.
One startling outcome of my PhD study was the finding that teachers who did
not use computers in the classroom were the ones who do not want training. It
was my expectation that teachers who have not had training in computer use
would want training given that the NSW Government mandated the use of
computers in schools in 1996. Teachers who already used computers were the
ones wanting further training. There might be a reason for this strange finding.
The teachers who participated in the study represented an ‘aging population’
from 56 years old and onwards, that is 34% of the total sample. For the older
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teachers probably learning how to use computers is not a priority for them
because they are near the ‘retiring age’. If I was still teaching in high school, I
would request that my principal grant me permission to professionally develop
mathematics teachers in integrating computers in mathematics teaching to
overcome the barrier that emerged in the statistical modeling of computer use. It
would therefore be useful to discover if granting professional development to
teachers reluctant to use technology would make a difference in their
acceptance of using technology in teaching. It would also be interesting to
expand this study to examine the effectiveness of teacher training to see if
current pre-service or prospective teachers will fully embrace the use of
technology in mathematics teaching when they are in the workforce.
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Appendices
Appendix 1: Survey Packet: Questionnaire Survey
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Northfields Avenue, Wollongong, NSW 2522
rh00@uow.edu.au

A Survey of How to Encourage Teachers to Integrate ComputerBased Technology in Teaching Mathematics in the Secondary
Schools in Australia
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Section 1 – Professional Development for Using Technology in Mathematics
The purpose of this questionnaire is to gain information regarding the needs of teachers of Mathematics who wish to integrate technology into the teaching of
Mathematics.
Please encircle the correct response(s) or provide answer (answers) where indicated.
1.

What is your school classification?

Comprehensive High School

0

Multi-Campus Colleges

1

Rural/Country High School

2

Selective High School

3

Partially Selective HS

4

Community School

5

Priority School Funding

6

Secondary Colleges

7

Central High School

8

Technology High School

9

Sports High School

10

Agricultural High School

11

Other, please specify

12

______________________
2.

Position:

Mathematics teacher

0

Mathematics head teacher

1

Other, please specify

2

______________________
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3.

4.

5.

Number of years teaching Mathematics?

Number of years using computers in Mathematics teaching?

What formal training have you had in computer technology?

Less than one year

0

1-5

1

6-11

2

12-17

3

18-23

4

24 and over

5

Not used

0

Up to 5 years

1

6 – 11

2

12 – 17

3

18 – 23

4

24 and over

5

Undergraduate studies

0

Postgraduate studies

1

Other, please specify

2

____________________
6.

What types of professional development or in-service
programs have you participated in over the past three years
to use computers in teaching?

Conference Workshops

0

School based staff development

1

Department sponsored training

2

District sponsored in-service

3

Formal certificates, TAFE

4

Self training

5

Other, please specify

6

___________________
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7. For each of the following packages please tick if yes, cross if no [questions a, b and c] or specify if applicable [questions d and e].
(a) Package is
available in
your school

Microsoft Word

(b) I have had
training on this
package

(c) I want further training so
that I can use this package in
the classroom

(d) Have used this package in teaching (e) Topic
(e.g. Years 7, 8, 9,10 & Year s 11-12
(e.g. Statistics, graphs,
General Maths)
geometry, algebra,
Please specify
calculus, etc.)
i.
ii.
iii.

Microsoft Access

i.
ii.
iii.

Microsoft Excel

i.
ii.
iii.

Microsoft

i.

FrontPage

ii.
iii.

Power Point

i.
ii.
iii.

Desktop Publisher

i.
ii.
iii.
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Microsoft Paint Shop

i.
ii.
iii.

The Internet

i.
ii.
iii.

Programming

i.

(HTML, DHTML, C++, etc)

ii.
iii.

Other, specify

i.
ii.
iii.
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8. What other software packages would you like your school to purchase and for what purpose would you use this? Please specify.
9. Do you require any other ongoing support for your inclusion of computers into the teaching of Mathematics? Please specify.
10. In the table below, please mark a tick on the space provided to answer the questions.
SA (Strongly Agree); A (Agree); U (Undecided); D (Disagree); SD (Strongly Disagree)
The following prevent me from using computers in the classroom.
Items

a.

access to computers

b.

access to computer labs

c.

classroom management in using computers

d.

technology support

e.

lack of time to undergo training

f.

compatibility of software and hardware

g.

not confident in using the software

h.

lack of knowledge of teaching strategies using computers

i.

inability to trouble-shoot problems with computers

j.

lack of lesson plans using computers in Mathematics

k

If there are any others, please specify

_____________________________

5

4

3

2

1

SA

A

U

D

SD
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11. Who would you like to be trained by?

a.

Head Teacher

b.

Computer Teacher

c.

Conference/Seminars

d.

The Internet

e.

District Office

f.

Education Department Training Program

5

4

3

2

1

Undesirable

Mildly undesirable

Neutral

Mildly desirable

Highly desirable

Section 2 – Your Belief/Conceptions in Mathematics Teaching and Learning and Using Technology (Computers)
12. In the table below, please mark a tick on the space provided to answer the questions.
SA (Strongly Agree); A (Agree); U (Undecided); D (Disagree); SD (Strongly Disagree)
Questions
a.

Mathematics is made up of individual components that incorporate the study and application of
number, algebra, geometry, calculus, collection of data and graphs.

b.

Mathematics is about building and using models using data collection, translating some aspects of
reality into mathematical form.

c.

Mathematics is a way of life and a way of thinking.

5

4

3

2

1

SA

A

U

D

SD
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d.

Mathematics is describing the world in front of us.

e.

Mathematics is a tool for problem solving.

f.

Mathematics is remembering facts, rules and learning by rote.

g.

Mathematics is fun.

h.

Students need to be encouraged to enjoy learning.

i.

The use of computer technology in the classroom enhances student learning.

j.

Students who have been exposed to computer technology in the classroom will do better on tests
than those who haven’t.

k.

Using computer technology, teachers reduce time in presenting lessons and can move through
material more rapidly.

l.

The use of computer technology helps students develop higher-order skills.

m.

When teachers use computers in the classroom, they are able to spend more time on concepts
rather than routine computational skills.

n.

The use of computer technology provides access to huge amount of mathematics resources.

o.

Computer technology use provides students with a greater motivation to solve problems.

p.

The use of computer software can make understanding clearer through graphs, presentations and
simulations.

13. In your own words teaching mathematics with computers is …
14. Describe your most successful use of computers in the teaching of Mathematics.
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Section 3 – Technology Use and Instructional Practices
15. Who in your school FULFILS the role of assisting you to integrate computer technology into mathematics teaching? You may tick more than one box.

Role

a.

Encouraging you to try

b.

Providing an incentive for staff to use
computer technology if they do not use it

c.

Planning the development of staff

d.

Providing staff development

e.

Providing classroom computers

f.

Providing timetabled Mathematics access
to laboratories

g.

Planning for integrating computer
technology into teaching

h.

Maintaining the software & hardware

i.

Developing lesson plans integrating
computer-based technology into
Mathematics

j.

Developing new assessment methods

1

2

3

4

5

6

7

8

School
Executive

Head teacher

Computer
Coordinator

Technical Support
person

Peer

Teacher

No one

Other

themselves
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k.

Developing new educational approaches

l.

Collaborating between the key players
(parents, teachers, students, community,
school principal, school superintendents,
and technology consultant)

16. Who in your school SHOULD fulfill the role of _____________assisting you to integrate computer technology into mathematics teaching?
You may tick more than one box.

Role

a.

Encouraging you to try

b.

Providing an incentive for staff to use
computer technology if they do not use it

c.

Planning the development of staff

d.

Providing staff development

e.

Providing classroom computers

f

Providing timetabled Mathematics
access to laboratories

g.

Planning for integrating computer
technology into teaching

h.

Maintaining the software & hardware

1

2

3

4

5

School
Executive

Head teacher

Computer
Coordinator

Technical Support
person

Peer

6
Teacher
themselves

7

8

No one

Other
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i.

Developing lesson plans integrating
computer-based technology into
Mathematics

j.

Developing new assessment methods

k.

Developing new educational approaches

l.

Collaborating between the key players
(parents, teachers, students, community,
school principal, school superintendents,
and technology consultant)

17. How is the integration of computer-based technology into the teaching of Mathematics accomplished in your school?
18. Have you observed any successful outcomes as a result of integrating computer-based technology to your teaching? Please specify.
19. Finally, are there any other challenges that need to be addressed in your school in order to have mathematics teachers integrate computer-based technology
into teaching? If so please specify.
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Questionnaire for Mathematics Head Teachers
Section 4 - About You and Your School in Using Technology
1. How many full-time high school mathematics teachers are at your school including your self?____________________
2. How many computers do you have in your school? _________
3. How many computer labs are in your school? ________________
4. What is the student ratio to computers in your school, i.e. 2:1, 3:1, etc? ______
5.

How often do members of the mathematics department formally meet to discuss the use of technology in mathematics classes? Tick
the answer most appropriate to you.
At least once per:
a. Week

____

b. Month

____

c. Fortnight

____

d. Year

____

e. Never

____

f. Other, specify

____
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6. What is your school student population?
a. 500 or less
b. 501- 750

____
____

c. 751- 1000

____

d. 1001- 1250

____

e. 1251 or over

____

f. Other, specify

____

7. What is your school classification?
a. Comprehensive
b. High School

____

c. Multi-Campus
d. Colleges

____

e. Rural/Country High
f. School

____

g. Selective High School ____
h. Partially Selective
i.

High School

____

j.

Central High School

____

k. Community High
l.

School

____
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m. Priority School
n. Funding
o. i.

____

Secondary Colleges

____

p. Intensive English
q.

Centre High School

____

r. Technology High
s. School
t. l.

____

Sports High School ____

u. Agricultural High
v. School
n. Other, please specify

____
__________________________________________________
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Appendix 2: Permission from NSWDET

The University of Wollongong
School of Mathematics and Applied Statistics

th

5 August 2005
Ethics Approval Number: HE05/094
NSW Department of Education and Training
Strategic Research Directorate
Bridge St., Sydney
Dear Sir/Madam,
I am a fulltime Mathematics Teacher at Heathcote High School and currently a PhD student at
the University of Wollongong. May I please ask permission to conduct a study in the NSW
Department of Education and Training government schools in the Secondary Schools,
Specialist Secondary Schools, Country Secondary Schools, Secondary Centres and MultiCampus Colleges, Central Schools and Community Schools?
The primary purpose of this study is to explore how mathematics teachers can be encouraged
to integrate technology into the classroom. As part of this project, I wish to discover how
teachers are currently integrating technology into their mathematics teaching, as this may inform
us as to how other teachers may integrate technology. I also wish to discern teachers’
preferences in relation to their own teaching development.
This survey is being conducted and approved under the guidelines of the Ethics Committee,
Wollongong University, as a part of my PhD. The title of my study is “Integrating Technology
into the Teaching of Mathematics: The Mandate”.
The following requirements are enclosed in this package:
Thesis Proposal Outline together with research proposal review by the School of
Mathematics and Applied Statistics Committee, University of Wollongong
Research Instrument
List of schools that will be invited to take part in the research
Additional documents, Forms A, B, C and D
Sample letters to directors, principals, mathematics head teachers and mathematics
teachers
Sincerely yours,
Rebecca Hudson, rh00@uow.edu.au
School of Mathematics and Applied Statistics
The University of Wollongong, Wollongong, NSW 252
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Appendix 3: Permission from secondary school principals (NSWDET)

Permission to Conduct Research
Research Title: INTERATING TECHNOLOGY INTO THE
TEACHING OF MATHEMATICS.

I,

…………………………………………………….(Principal’s

name)

give

permission to Rebecca Hudson (Researcher’s name) to conduct a study at
__________________________________as it has been described to me in the
information sheet. I understand that this is a confidential data and it will be used
to develop: (a) teaching programs in high school mathematics, integrating
computer technology and (b) a professional development module for
mathematics teachers.
Signed

Date

……………………………………

……../……/……….

Rebecca Hudson
School of Mathematics and Applied Statistics
The University of Wollongong
Wollongong, NSW 2522
rh00@uow.edu.au
Tel. No. 02 42725838
Mobile No. 0425 355 240

Supervisors:
Dr. Anne Porter
alp@uow.edu.au
tel. no. 02 4221 4058

and

Dr. Mark Nelson
mnelson@uow.edu.au
tel. no. 02 4221 4400
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Appendix 4: Consent form

CONSENT FORM
Research Title: INTERATING TECHNOLOGY INTO THE
TEACHING OF MATHEMATICS.
I, …………………………………………………….(Participant’s name) consent to
participate in the research conducted by Rebecca Hudson (Researcher’s
name) as it has been described to me in the information sheet. I understand
that this is a confidential data and it will be used to develop: (a) teaching
programs in high school mathematics, integrating computer technology and (b)
a professional development module for mathematics teachers. I consent for the
data to be used in this manner.
Signed

Date

……………………………………

……../……/……….

Rebecca Hudson
School of Mathematics and Applied Statistics
The University of Wollongong
Wollongong, NSW 2522
rh00@uow.edu.au
Tel. No. 02 42725838
Mobile No. 0425 355 240
Supervisors:
Dr. Anne Porter

and

Dr. Mark Nelson

alp@uow.edu.au

mnelson@uow.edu.au

tel. no. 02 4221 4058

tel. no. 02 4221 4400
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Appendix 5: Letter to the principals

The University of Wollongong
School of Mathematics and Applied Statistics

11 November 2005
The Principal
Dear Sir/Madam,
I am Rebecca Hudson, a PhD student in the School of Mathematics and
Applied Statistics at the University of Wollongong. I am conducting a survey
concerning the integration of computer-based technology in mathematics
teaching in public high schools in New South Wales.
The primary purpose of this study is to explore how mathematics teachers can
be encouraged to integrate computer-based technology into the classroom. As
part of this project, I wish to discover how teachers are currently integrating
computer-based technology into their mathematics teaching, as this may inform
us as to how other teachers may integrate computer-based technology. I also
wish to discern teachers’ preferences in relation to their own teaching
development. The analysis of the data will be available to the New South Wales
Department of Education and all schools to aid in future planning. The survey
consists of self-administered surveys, and (time permitting) a voluntary
interview session, targeting mathematics teachers and mathematics head
teachers from public high schools across New South Wales.
Permission to conduct this survey was granted by the Ethics Committee of
Wollongong University and with the permission of the NSW DET Schooling
Research Department. I would like to request permission for the involvement of
your Mathematics Faculty in the completion of this survey.
I stress that the results of this survey are strictly confidential and:
The identity of the participants will not be disclosed as the questionnaires
will be coded (i.e., 01, 02, 03, ………) for recording purposes. The data
will be published in tabular form, so the identity of the participants will not
be identified.
The data will be kept confidentially in a secure place of storage in one of
my supervisor’s faculty office.
The original data will be held securely for a minimum of 5 years.
The researcher will have access to the data that will be collected.
It will be analysed and processed as a part of the thesis to be published.
Teachers can fill in the survey questionnaire within 20 minutes. I know that their
time is limited and valuable, however it is my belief that your staff are the most
knowledgeable persons to provide the information I am seeking.

P a g e | 433

The survey question is divided into 4 sections. Section 1 is Professional
Development for Using Technology in Mathematics, Section 2 is Beliefs and
Conceptions in Mathematics teaching and Learning and Using Technology
(Computers), Section 3 is Technology Use and Instructional Practices and
Section 4 is a Questionnaire for Mathematics Head Teachers. For most
questions of the survey, the teachers should tick the correct response. Some
questions have more than one possible response. There are seven open-ended
questions in the survey which the teachers can answer at their own discretion.
I deeply appreciate your co-operation and support.
Sincerely yours,
Rebecca Hudson
School of Mathematics and Applied Statistics
The University of Wollongong
Wollongong, NSW 2522
rh00@uow.edu.au
Tel. No. 02 42725838
Mobile No. 0425 355 240
Supervisors:
Dr. Anne Porter

and

Dr. Mark Nelson

alp@uow.edu.au

mnelson@uow.edu.au

tel no. 02 4221 4058

tel. no. 02 4221 4400
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Appendix 6: Letter to the mathematics teachers and head teachers

The University of Wollongong
School of Mathematics and Applied Statistics

11 November 2005
The Mathematics Teachers and Head Teacher
Dear Sir/Madam,
I am Rebecca Hudson, a PhD student in the School of Mathematics and
Applied Statistics at the University of Wollongong. I am conducting a survey
concerning the integration of computer-based technology in mathematics
teaching in public high schools in New South Wales.
The primary purpose of this study is to explore how mathematics teachers can
be encouraged to integrate computer-based technology into the classroom. As
part of this project, I wish to discover how teachers are currently integrating
computer-based technology into their mathematics teaching, as this may inform
us as to how other teachers may integrate computer-based technology. I also
wish to discern teachers’ preferences in relation to their own teaching
development. The analysis of the data will be available to the New South Wales
Department of Education and all schools to aid in future planning. The survey
consist of self-administered survey, and (time permitting) a voluntary interview
session, targeting mathematics teachers and mathematics head teachers from
public high schools across New South Wales.
Permission to participate in this survey has been granted by your principal. I ask
that you take the time to complete the mail portion of this survey and return it as
soon as possible. Under pilot testing conditions, all teachers must finish the
survey with-in 20 minutes. I know your time is limited and valuable, however it is
my belief that you are the most knowledgeable persons to provide the
information I am seeking.
I stress that the results of this survey are strictly confidential and:
The identity of the participants will not be disclosed as the questionnaires
will be coded (i.e., 01, 02, 03, ………) for recording purposes. The data
will be published in tabular form, so the identity of the participants will not
be identified.
The data will be kept confidentially in a secure place of storage in one of
my supervisor’s faculty office.
The original data will be held securely for a minimum of 5 years.
The researcher will have access to the data that will be collected.
It will be analysed and processed as a part of the thesis to be published.
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The survey is being conducted with the approval of the Ethics Committee of
Wollongong University and with the permission of the NSW DET Schooling
Research Department. Your participation is completely voluntary and you can
withdraw from the study at any time. Confidentiality is strictly guaranteed. The
results of this survey will be shared with all interested parties, and I will be
happy to make the results available to you.
For most questions of the survey, you should put a tick on the correct response.
Some questions have more than one possible response. There are eight openended questions in the survey, which you can answer at your own discretion.
Please place completed survey into the mailing envelope provided. An address
sticker should already be attached to the envelope. However, if this is missing,
please mail the printed survey with-in 15 days (or by the 2nd of December
2005) of receipt of the survey packet to:
I deeply appreciate your co-operation and support.
Sincerely yours,

Rebecca Hudson
School of Mathematics and Applied Statistics
The University of Wollongong
Wollongong, NSW 2522
rh00@uow.edu.au
Tel. No. 02 42725838
Mobile No. 0425 355 240
Supervisors:
Dr. Anne Porter

and

Dr. Mark Nelson

alp@uow.edu.au

mnelson@uow.edu.au

tel. no. 02 4221 4058

tel. no. 02 4221 4
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Appendix 7: Sample lesson plan in Mathematics using technology

St Mary Star of the Sea College
Mathematics Department
Year 11 General Maths

Topic: Reading and Constructing Graphs
Duration: 55 minutes per lesson (2 – 3 Lessons)
Date:_______________________
Tool for Teaching: ICT Use (Spreadsheets)
References: Access to General Mathematics, Preliminary by Foster, I &
Thompson, S, pp. 32 – 33.
Objective:
1. Students should be able to:
2. Construct different graphs (line graph, column graph, pie graph and radar
graph) using technology tools.
3. Interpret graphs as they apply to a variety of problems in real life
situation.
Outcome: At the end of the lesson, students should appreciate the use of
technology in mathematics.
Skills and knowledge being tested: Managing and analysing data, and
developing higher order skills.
Learning theory used: Constructivism
Assessment:_________________________
Name____________________________

Teacher______________

Activities:
Table 1

Median Age of First Marriage
Year

Male

Female

1972

23

21.5

1977

24

22

1982

25

22.5

1987

26

24

1992

27

25

1997

28

25.5
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a) Using a spreadsheet program, draw a column graph to represent this
data.
b) In what years was the median age of groom 2.5 years greater than the
median age of the bride?_______________________________
2.) At the end of the financial year the accountant of the Wollongong
Clothing Store recorded and displayed the store’s total sales for the year in
five categories: children, male teenage, female teenage, women and men.
See Table 2.
Table 2

Sales Results of Wollongong Clothing Store
Male Teenager

20%

Female Teenager

30%

Children

12%

Women

20%

Men

18%

a) Draw a pie graph by using a spreadsheet program to represent this data.
b) What is the ratio of the total sales in the teenage male to teenage female
categories?____________________________________________
c) The sales for the year totaled $ 5 567 300. Calculate the value of sales in
the following categories:
Children__________________________
Men_____________________________
Women __________________________
3.) Sister Mary continually check’s a baby’s heart rate before and during labour.
See Table
Table 3

Baby’s Heart Rate
Time

1200

1230

1300

1330

1400

1430

1400

Beats/minute

130

130

135

140

160

170

135

a) Draw a radar graph showing these heart rates (enter time as ‘1200 to
avoid the computer reading 1200 as a number).
b) Alter the style, weight and/or colour of the major gridlines.
c) Alter the scale.
d) Alter the font size of the labels and scale.
e) What does altering the scale do to your ability to easily see the changes
in the heart rate?
_____________________________________________________________
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4) Line graphs are often used to represent the same data as radar graphs.
a) Use the data in Table 3 to draw a line graph.
b) Comment on the ease of interpretation of this data using a line graph and
a radar graph.
_____________________________________________________________
5) Construct appropriate graphs to display the information in the following Table
4 and Table 5.
Table 4

Children’s daily Energy Requirement

Age of Child
Boy’s kJ
requirements
Girl’s kJ
requirements

Table 5

6years

8years

10years

12years

14years

16years

6 400

9 600

9 600

10 400

10 400

11 800

6 300

9 600

9 600

8 700

8 700

8 300

Percentage of Food Remaining in the Stomach

Time in minutes
after eating
% of food
remaining in the
stomach

0

20

40

60

80

100

120

100

90

85

75

65

50

40

